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(Paper No. 3939.) 

I ‘  The Improvement of Highways t o  meet  Modern  Conditions 
of Traffic.” 

By JONAH WALKER SMITH, M. Inst. C.E. 

IN the  year 190&9 the 151,000 miles of roads  in  England  and 
Wales,  and  the 24,770 miles in Scotland,  cost for maintenance  about 
6;15,000,000. This  cost  is  increasing  year by year;  and  the con- 
dition  and  maintenance of these  roads  are a t   the  present  time 
matters for serious  consideration.  The  roads  are  acknowledged, 
speaking  generally, t o  require  improved  treatment, f is t ,   in  order 
to comply with  the  demands of modern traffic, and  secondly,  to 
diminish  the  serious  nuisance caused by dust,  which  is  more or leas 
mnsequent  upon  the  changing mode of transport. 

The  extent to which the traffic has altered in  the  last 10 year#, 
and  the  general  trend of such  alteration,  will be discussed  in sume 
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detail in this  Paper;  but it is a matter of common  knowledge that 
the means of transport  on  roads  is  changing  with some rapidity 
from  horse-drawn  to self-propelled vehicles. 

Most of the roads  (say 95 per  cent,) were-and with  the exception 
of the comparatively  few  miles  converted  during  recent  years  to 
bituminous-bound  roads are-of macadam or gravel, or of a kindred 
nature,  and  are  constructed  upon  the  water-bound principle.  Many 
are  more or less unsuited  to  the  present volume and description of 
traffic,  and  undoubtedly will become even  more  unsuited in  the  near 
future.  The  construction of the  remaining 5 per  cent.  (about 9,000 
miles) of roads-which either  have  to  carry such  heavy  trattic as 
necessitates the use of granite  sets  upon a concrete  base, or, to 
meet  urban  conditions,  must  be paved with wood or asphalt-are 
regarded  as  presenting a separate problem, requiring special treat- 
ment,  and  are  outside  the  intended scope of this  Paper, which is 
restricted  to  the  construction  and  treatment of the metalled or 
macadam class of road.  Consideration of the construction and 
treatment of such  roads  is  further  limited  generally  to  the  surface 
or wearing  crust as distinct  from  the  foundation,  and  is  directed 
more  particularly  to  the  bituminous-bound  method of constructing 
macadam or broken-stone  roads. 

The road-engineer, in turning  from  what may be termed  the 
" aqueous " to the " bituminous " method of road-construction, was 
actuated  primarily  by  a  desire  to  eliminate  or  reduce  the  dust 
nuisance ; for,  although  bituminous-bound  roads were in existence 
long  before the  dust  nuisance became so acute, i t  was, nevertheless, the 
urgent necessity of mitigating  this  evil which  gave the  great  stimulus 
to  bituminous  treatment. Moreover, it is found in practice that  this 
treatment is capable of effecting  such  considerable  economies that 
great promise is  given of the solution of the  primary problem, not only 
without  additional  burden, but also with beneficial financial  results. 

Much  has  been  done  already in  the  short  time  that has elapsed. 
since  this problem  began to  present itself to  the road-engineer in  an 
acute  form,  and  in  the  course of this  Paper some of the  general 
results of experiment,  investigation,  and  standardization of methods 
and  materials  will be submitted.  Much, however,  remains to be 
done, and,  using  as  a basis the  information now  available, it is 
earnestly  suggested that certain  centralized  action  should be taken 
in  the following  directions :- 

(l) The  inaestigation  and  standardization of bituminous  binders. 
(2) The  investigation  and  standardization of road-metal. 
(3) The  investigation  and  standardization of methods of preparing 

materials  and  constructing  roadswith  known or standard  constituents. 
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(4) The  compilation of statistics of traffic, of wear,  and of costs 
(initial  and  maintenance). 

( 5 )  The  recording-for  the  intelligent  interpretation of results of 
known  methods  and  materials of construction, traffic, wear and 
cost, under  service conditions-of all local and  other influences, 
such  as extent  and condition of foundations;  gradient;  crossfall; 
presence or absence of overhanging trees; direction of road  with 
regard  to  prevalent  wind;  and  meteorological  observations  both 
during  construction  and in subsequent service. 

Then, by careful  study of these  data  and  records, it would be 
possible  ultimately, by elimination of undesirable  combinations, to 
arrive a t  standards  for  materials,  and  to  determine  the most efficient 
economical methods of construction  to  meet  any  known or given 
conditions.  This would be the first step  towards  systematic  grading 
of the  construction of highways,  according  to the traffic they  have  to 
bear and  the conditions they have to fulfil. 

Detailed  consideration of the foregoing  matters  may  be  sub- 
divided  conveniently  under the following  headings :- 

I. Present-day  methods of transport on roads. 
11. Methods of construction of bituminous-bound  macadam  roads. 

111. Advantages  and  disadvantages' of bituminous-bound  macadam 

IV.  Materials :-(a) Road-metal ; ( b )  Bituminous  binder. 
roads. 

V. Financial  considerations  affecting  the  reconstruction of 
existing  macadam  roads  in  the  bituminous-bound  form. 

VI. Recommendations  for (U) Standardization of materials of con- 
struction ; (b )  Aocumulation of data  to  admit of the  design 
of roads to meet any known.  conditions of traffic. 

I. PRESENT-DAY METHODS OF TRANSPORT ON ROADB. 

The  change  that  has  taken  place  in  the  methods of transport on 
roads is generally  accepted  as  the  prime  cause of the  attention now 
being  given  to  the  necessity  for  improved  methods of road-construc- 
tion.  That  a  very  large  number of self-propelled vehicles have  been 
placed upon the  roads  during  the last few  years is undoubted, but it 
is doubtful  whether it is realized how small  a  ratio  the  self-propelled 
traffic still  bears  to  the  total volume. I n  any case, even  accepting 
the most  sanguine  expectations of motorists  as  to  the  future  increase 
in  the use of motor-vehicles,  there  appears  to be little  doubt  that 
the road-engineers of this  generation-and possibly of part of the 

[THE INST. C.E. VOL. CLXXXVI.] N 
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next-will have  to face the difficulty of constructing a road which 
will serve efficiently for  both  methods of transport. 

The  relative  numbers of horse-drawn  and self-propelled vehicles 
and  the  trend of development  deserve careful consideration. Motor- 
traffic has  naturally developed most in  the metropolis, and for this 
reason it is  instructive  to  refer  to  the  Reports of the  Metropolitan 
Commissioners of Police. From  these  reports it is possible to deduce 
the numbers of horse-omnibuses, of four-wheel  and two-wheel cabs, 
and of motor-omnibuses and motor-cabs.  These have  been plotted 
in  Fig. 1, Plate 5. But  the  relative volumes of traffic due  to  the 
two modes of conveyance is  not  ascertainable  until  the average 
number of miles traversed daily by a vehicle of each class is known. 
Information upon this  point  has been obtained, which has enabled 
the  Author  to include the  number of vehicle-miles given in Fig. 1. 
The most striking  feature of these  curves  is  the  rapid rise in recent 
years of the  motor-omnibus  and  the motor-cab mileage, and  the 
rapid fall of horse-omnibus and hansom-cab mileage, while four- 
wheel  cabs have  not  altered much. 

I n  considering  Great  Britain as a whole, the  Reports of Com- 
missioners of Customs and  Excise  are available and afford instructive 
information.  Dealing  first  with licensed carriages  (other  than 
hackney  carriages)  and  assuming  the  daily mileage of horse-vehicles 
to be 10 miles and  that of motor-vehicles to be 25 miles, the curves 
shown in Fig. 2, Plate 5, are  obtained. These  curves  reveal the  fact 
that  the mileage of two-wheeled horse-vehicles is very  far  in excess 
of that  of motor-vehicles ; in fact,  the  latter  appears  to  equal  the 
mileage of four-wheel horse-vehicles, so that  the  total mileage of 
the two-wheel horse-vehicles also represents practically the excess 
mileage-a very  large one-of horse-vehicles over motor-vehicles of 
this class. 

From  the  same  Returns  similar figures  may be deduced relating 
to hackney carriages ; and  from  these, by assuming  that  the  average 
daily mileage of a horse-vehicle is 20 miles and  that of a motor- 
vehicle 50 miles, the curves in  Fig. 3, Plate 5, have been plotted. 
These curves also show how small is the  ratio,  both in number  and 
in mileage, of motor-vehicles to  the whole of the  hackney vehicles. 

These  figures are, of course, merely  indices of the  actual com- 
parative  numbers;  for  not  all vehicles are licensed, and  in  those 
licensed there  are  not included any vehicles-self-propelled or 
otherwise-which are used for  trade purposes. Obviously this class 
includes B very  large  number of vehicles wherein  the  ratio of horse- 
drawn  to self-propelled will be much  higher even than  the figures 
revealed by  the  curves deduced from  the customs and excise returns. 
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11. METHODS OF CONSTRUCTION OF BITUMINOUS-BOUND 
MACADAM ROADS. 

There  are  many ways of preparing  and  laying  bituminous-bound 
macadam (including  patent  methods  and  proprietary  materials which 
would fall  within  this category) ; they differ, however, in detail, 
and  not  in principle, and  no useful  purpose would be served by 
describing or discussing here  any  particular methods. 

Generally  speaking,  all  these methods may be divided under 
two  heads :- 

(l) The  formation of ta r  concrete, or tar macadam ; 
( 2 )  The  penetration of macadam with  bituminous  grout. 

(1) Tar concrete  may be prepared either  manually or mechanically. 
The  stage at which it becomes profitable to  abandon  manual labour 
in  favour of mechanical power is  determined by local conditions. 
I n  either case the  aggregate, chosen in such grades as will, when 
complete, form  the most  compact mass, is taken  dry  (the  drying 
being performed  artificially, if necessary, either  upon  hot plates or 
by passing the  material  through revolving  cylinders), and,  the 
amount of tar required  having been determined,  the  aggregate  and 
matrix  are mixed in batches or continuously, much as cement 
concrete  is mixed. 

In the more complete plants, it is  usual  to  elevate  the  stone in 
proper  grades  from  the breaker-heaps, and pass it through revolving 
driers  into  the  mixing-machine; at the  mixer  is  added  tar of 
standard  quality,  heated  to a predetermined  temperature (say 
250" F.) by steam-coils, and  arranged so that  to a known  measure 
of aggregate  there  is  added  automatically a known measure of the 
tar. The  advantages of mechanical mixing  are  the  abolition of 
severe manual  labour  with heavy tars,  more  thorough  and  uniform 
mixing,  and, generally, a financial  saving.  The  last is dependent 
upon local conditions  and  requirements,  there  being a saving of the 
diffelence  between, say, 28. 10d. and lld., to be weighed agairlst the 
instalment  and  interest of the capital, insurances,  and  sundry 
expenses incidental  to  the  establishment of a mechanical mixing- 
plant. By  balancing these considera,tions, it is possible to  ascertain 
what  is  the  minimum  output  that will permit of the economical 
establishment of a  mechanical  mixer. 

The  next  step  is  to convey the concrete to  the  site,  and  to 
spread  and consolidate it. The  thickness  and camber, the  weather- 
conditions during  application,  the  question  whether a surface  coat is 
to be provided, and  whether it should be surface-sealed, are  all  matters 
of detail which would not be profitably discussed here. 

S 2  
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The cost  will vary considerably with local conditions.  From 
carefully-recorded  detailed  costs of quarrying  and  breaking lime- 
stone  and  mixing tar macadam  upon this method, the  Author 
ascertained the cost to be 6s. 2d. per  ton, which  includes all charges 
UP to  the  point of having  the mixed material loaded in  carts or 
wagons at the  quarry.  These costs  would  be augmented by certain 
charges,  namely,  railway-freight,  cartage,  spreading and rolling, 
surface  blinding, and  flattening  the  contour of the  road; so that 
the detailed  cost  per  superficial  yard  might be stated  thus :- 

S. a. 
Mixed material on truck  as for  4-inch thick consolidated . . 1 1 
Preparing foundation and reducing camber. . . . . . 0 2 
Railway carriage  (say 20 miles) . . . . . . . . . 0 3 
Loading and cartage  (say 2 miles) . . . . . . . . 0 4 
Rolling and spreading,  including  final dusting  and binding . 0 4 

Total cost per superficial  yard . . . . 2 2 
- 
- 

These  figures apply  to an aggregate of broken  limestone  with a 
granite  coating, as these  were  the  materials  procurable  most  readily 
and cheaply. Of course the system  adopted  must be such that stone 
obtainable  locally  may  be  used as much as possible, 

(2)  The  method of “penetration,”  like  the use of tar concrete, 
has  long since passed out of the  experimental  stage,  and, if properly 
carried  out, it cannot  fail  to be entirely successful. The  general 
practice of this method  is  the following :- 

A layer of 2-inch dry  hard  metal  is  spread  on  the  foundation  to 
a thickness of about 3  inches  and  lightly rolled, and  is  then  grouted 
with a mixture of standard  pitch  and  sand,  and  again rolled and 
thoroughly consolidated. Upon  this is placed a 2f-inch  layer of 
13-inch  stone,  lightly  rolled dry  to  an even  surface and grouted 
similarly  to  the  bottom  coat;  but  to  the  bituminous  grout  is 
added,  with some little  advantage as increasing the toughness, 
a small quantity of cement.  The  surface  is  then  sprinkled  with 
dry chippings of the  stone  adopted,  and  the  final consolidated 
road  is  left  about 4 inches  thick.  To  meet the conditions of traffic 
the thickness  may be varied  between 23 inches and 5 inches, and 
the  bituminous  grout  may  contain  various  proportions of sand, or 
be used without  sand. 

In reconstructing a macadam  road, the  existing  metal,  after 
being  broken  up  and screened, may be  used for a bottom  coat ; or 
indeed,  broken  flint or any  stone  readily  procurable is reasonably 
good for  this purpose. The  hardest  and  toughest  stone, however 
is desirable for the  mrface or wearing  coat. 

The cost of this  may be taken  at  about 28. 9d. per  square  yard 
complete  for a 3-inch  coating, and 4s. for a 4a-inch  coating. 
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111. ADVANTAGES AND DISADVANTAGES OF BITUMINOUS-BOUND 
MACADAM IXOADS. 

(CL) ADVAK!rAGES. 

Macadam roads  constructed  upon  the  bituminous-bound  principle 

Suitability  for  both  horse-drawn  and self-propelled traffic. 
Comparative  freedom  from  dust. 
It is  not  intended  to discuss in  any  detail  the  ordinary  method of 

constructing macadam  roads, but it is difficult to believe that it can 
ever  provide  roads suited to  the needs of modern traffic. Roads 
constructed in the  ordinary way  would  be  always  more or less 
pervious, and  the excess or defect O F  moisture,  under  certain con- 
ditions of weather,  will  leave the road an easy prey  to  the  abrading 
and  disintegrating  action of traffic. The  water-bound  method does 
not  lend itself as readily as does the bituminous-bound  method to 
the satisfactory and economical usme of local stone, and it has 
undoubtedly  left  much  to be desired on  the score of the binding. 
This is the  important  consideration ; for the undoubted  crux of the 
whole question of efficient road-con,struction and maintenance is 
the binding. 

Obviously the same  conditions will not  apply  and  the  same 
objections  will not  obtain in the casse of bituminous roads. The 
amount of abrasion  and  attrition caused  by friction will be far less 
than in water-bound roads; for,  whichever  form of bituminous 
binding be adopted,  the  matrix, if properly  prepared  and applied, 
does undoubtedly  hold  the  stone  comparatively firmly, and such 
slight  internal  movement as there ma;y be will not produce  abrasion 
in  any  material degree, on  account of the viscous nature of the 
bitumen,  which  should  surround  every  particle of the aggregate. 
For this reason,  whereas  hard  and  tough  metal is required  for 
water-bound  roads, a lower  grade cd metal will be permissible, at 
least in the lower  course of the bituminous-bound  road, so long as 
the wearing  surface  consists of stone of a quality  calculated to  
withstand  impact  and  abrasion. 

The effect of bituminous  binding in obviating  the  formation of 
dust is now so obvious as to  be a matter of common  knowledge, and 
little need be said  here in reference to  it. 

In some more or less  isolated lengths or patches of bitnminous- 
bound  road the ull effect is  not  apparent,  on  account of the  dust 
and  mud  introduced  from  adjoining  roads of ordinary macadam. 

are held to possess the following  physical advantages :- 
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That bituminous-macadam  roads are   a t  present  constructed in 
such  a  manner  as  to  give  the  highest  attainable  freedom  from  dust 
is not  admitted.  Dust  lying in considerable quantity upon  a  bitu- 
minous-bound  surface,  which  dries  much  more rapidly  than  water- 
bound  macadam, is more readily raised and disseminated by the 
wind, the  frictional  resistance between the  dust  and  the surface 
being  slight.  This occasional disadvantage will naturally  be reduced 
as  the bituminous-bound  method of construction is extended  and 
the  quantity of dust  and  mud  introduced  upon  such  surfaces  from 
other sources is  diminished, 

It may  be  convenient  here to  refer  to possible improvements  in 
the  matter of preventing  dust by treating  the  stone before the 
addition of the  bitumen. 

It is suggested that  the  treatment of stone-particularly the more 
pervious  kinds-with a creosote  oil would probably  have  certain 
advantages: e.g., the pores  being filled with oil  would not  admit of 
the absorption of water, and  as  the road became abraded by the 
traffic, the oil  would tend  to  revivify  the  bitumen  and  thereby to  
counterbalance  to  some  extent  the oxidizing and volatilizing  influ- 
ences of the atmosphere. The particles of abraded  material  might 
be  ground  finer;  but  whether  that were so or  not,  being more or 
less surrounded  with oil, they would  have a less  tendency  to be 
raised  by  the  action of the wind,  on  account G f  their  greater  weight 
and also  on  account of the  frictional  resistance which the oil  on the 
particles  would  exert  on  the  surface of the  road:  further,  there 
would be a tendency for the oil-covered particles to blend  more 
readily  with  the  abraded  bituminous  binder in such a manner  that 
they would roll  back again  into  the  surface,  forming  thereby a 
method of self-sealing. 

The foregoing general  advantages  are,  fortunately, accompanied 
by  certain economies in maintenance,  which  may be considered under 
three  sub-headings, namely,  Scavenging,  Repairs, and  Watering. 

Scavenging.-The degree to which  economies are capable of being 
effected  will  depend  much  upon such local  conditions as traffic, 
climate,  materials, and cost of construction, and upon the  standard 
of maintenance  adopted. Some inquiries  made of representative 
authorities  elicited  twenty-seven  replies  on  the  subject of economies 
under  this  heading. No authority  found  that  the cost of scavenging 
had  been increased;  four  found that no saving  bad  been  effected; 
seven  had found a saving of 25 per  cent. to  50 per  cent.,  while 
sixteen  had no data  as  to  the  amount of the saving, but were 
satisfied that it was  considerable. 

With  greater confidence, inasmuch  as  the Conditions were itccu- 
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rately  known,  the  Author  submits  Fig. 4, Plate 5, which  indicates 
the  results of scavenging  equal  len,gths of contiguous  bituminous 
and  water-bound  macadam,  the  latter  being well constructed  with 
Welsh  diabase.  The  volume of tra,ffic was  known,  and  equal  for 
the two  roads : exclusive of pedestrilans it may  be  taken a t  33 tons 
per  foot  width of carriageway  per clay of 11 hours.  The  weather- 
conditions  were  noted and included  inany  varieties-principally  bad, 
as  the  test  extended  from  November  to  March.  The  bituminous- 
bound  macadam  had  been  constructed  15  months and  the  ordinary 
macadam had  been  recently  repaired  when the  test began. 

The  curves  indicate  clearly  the  advantages of bituminous-bound 
macadam in  this respect.  Similar  results  were  obtained in  another 
test,  applied  to  a  very  wide  street  divided by a double  line of tramway. 
One  side was constructed of bituminous-bound  and the  other  side 
of ordinary  macadam.  While  the  general  result was similar,  the 
superiority of bituminous  macadam was not  quite so pronounced  in 
this  test,  as  a good many vehiclles-particularly motor-wagons, 
which traversed  this  road considerably-broke the  rule of the  road 
in order to use  the tar macadam in  both directions. 

Repairs.-The  replies to  the  inqniries  already  referred  to  show 
that  in  two cases it is thought  that bituminous-bound  roads  are 
more  expensive to  maintain  than  others ; one  authority  did  not  find 
any  saving effected ; seven  had  been  able to  determine  the  saving 
as  being  between  25  per  cent.  and 50 per  cent. ; and fifteen,  who had 
no  actual figures, stated  that  they were  satisfied a  saving was effected. 

I n  his  personal  experience  the  Author  has  found, to  cite  two 
typical  instances, that   in a heavilytrafficked  street, which a t  one 
time  required a coating of ordinary  granite  each  year,  an  experi- 
mental  length of tar macadam,  after 3 years’  wear,  needed but 
little  attention. I n  another, less-trafficked, street,  which  required 
surfacing  with  broken  granite ever,y third  year,  the  experimental 
length of tar macadam  after 5 yeaits was  merely in need of some 
patching  and  tar-washing of the surface.  Others  who  have  given 
this  subject  careful  consideration  have  obtained a t  least  equally 
satisfactory  results. 

The  general  consensus of opinion  undoubtedly  favours  the possi- 
bility of effecting  considerable  economies ; and if such  are  the  early 
indications  from  the  use of this  method,  still  greater  savings  may 
confidently  be  expected as  the practice and  materials become 
standardized  to  the  various  requirements  and  its  use  extends ; for 
many of the  replies  to  the  Author’s  questions  were based upon 
results of more or less experimental  treatment,  which will probably 
have  served the purpose of eliminating some  undesirable  features. 
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Watering.-The replies as  to  the effect upon the costs of watering 
were not so numerous  as those  upon the  other  two  points;  but 
the  returns show that  three  authorities  found  no saving, four found 
the  saving  to be  between 15 per cent. and 100  per  cent., and eleven 
could give no figures, but were  satisfied that a saving was effected. 

Whilst  it is difficult to express  definitely the  saving  in  main- 
tenance  that can be effected, which will be a  variable quantity 
dependent upon many conditions, it is thought  that  indications  are 
sufficiently favourable  to  justify  the  assumption  that 50 per cent. 
for  tar concrete, and 60 per  cent.  for  first-quality  bituminous 
macadam  by penetration,  are conservative estimates of the possible 
economy;  and  these figures will be used later  in considering the 
financial  aspect of the  reconstruction of certain classes of W' 'L t er- 
bound roads upon the  bituminous-bound principle. 

I n  addition  to  these physical and financial advantages which 
bituminous-bound  roads possess, they  have  certain advantageous 
qualities which claim attention. Some of these  qualities  have a 
reflex in the financial results  already discussed, e.g., imperviousness, 
density, power of distribution of weight,  and  the  flatter camber 
permissible ; others  have  no  direct reflex in  the financial results, 
e.g., noiselessness, better hygienic qualities,  and less tractive  effort 
required. 

Iw~erviousnes~.-The  more  effectually water can be prevented 
from  gaining access into  the core of the road, the  longer will be the 
life of the  road.  The  Author  has  no figures expressing  the com- 
parative imperviousness of bituminous  and  water-bound  roads,  but 
it is obvious that  the former  are considerably  more  impervious than 
the  latter.  The degree of imperviousness,  which  will  va,ry with  the 
bituminous  binder  and  the  method of construction employed, has 
formed  the  subject of investigation  and  experiment.  The samples 
tested were constructed in  the  manner described in Appendix I, 
and  tested in the way there suggested. The degrees of impervious- 
ness  were ascertained  for  the five samples as  originally  constructed, 
and  subsequently Nos. 1, 2, 3, and 4 were surface-sealed with 
distilled tar  and  again  tested,  the  results of these  tests being 
shown in  Fig. 5, Plate 5. 

Density.-Density is connected in some measure with impervious- 
ness. It is recognized as  being a very necessary quality  in 
bituminous macadam, and  has been so for some time  in  the 
natural-asphalt  industry.  The  Author  carried  out  certain  experi- 
ments  by  the  method suggested in  the same Appendix ; and  the 
results of these also have been plotted in Fig. 5. There is indica- 
tion  in  this  Figure  that,  the higher the  density,  the  higher will be 
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the degree of imperviousness. The  denser  paving of specimen 
NO. 1 produces a much  more  impervious  road than No. 2, whilst 
with  the surface-sealing they are--at least  for  the  time being- 
about equalized in  this respect. No. 3 is  the  least impervious 
sample tested, which might be accounted for by the  high  ratio 
which the  dry macadam bore to  the  tasred chippings. No. 4, a 
similar  form of construction  to No. 3, is, in  the  first  instance, of 
about  the same  degree of imperviousness as No. 1, and  is a con- 
siderable  improvement upon No. 3 ; it has, however, a total  depth 
of 3 inches  only, as against  the 44 inches of No. 3. The  manifest 
advantage of No. 5, from  both points; of view, is very  striking. 

Distribution of Weight.-The requisite  thickness of surface  stratum 
and  foundation will not be discussed here, but it may be well to  say 
a few words on  the power of distribution of weight possessed by 
bituminous macadam. If possible it would be well to  test slabs of 
macadam made in  various ways ; but it would not be  practicable to 
make  any slab of ordinary macadam to  support  its own weight, and 
there would be difficulty even in co:nstructing slabs of tar concrete 
to  bridge  any  distance, because, as a (concrete and  to be laid as such, 
the  material has to be reasonably soft, i n  order  to  spread properly 
and consolidate under  the  action of rolling. Tests of bituminous- 
bound macadam constructed  by  meam of penetration,  with a matrix 
composed of pitch  and  sand, have, however, been made by  moulding 
a slab 3 feet by 2 feet by 5 inches in  depth;  after  being allowed 
to  set  for 1 week, this  slab was raised on to supports 18 inches apart, 
and bore in  the  centre  third of the  span, before fracture ensued, a 
gradually imposed load of 1 ton 2 qrs. 

A  suggestion for  further  experimental  investigation of this  matter 
is made in Appendix 11. 

Ratter Camber  Permissible.-A flatter camber is  undoubtedly 
permissible with  the  bituminous method of construction,  and  this 
should prevent, to some extent,  the excessive damage wrought upon 
much-cambered roads by the  steel  tires of traction-engines  and 
heavy motor-lorries. Whilst  they  might  not  do  great  harm  on a 
well-constructed road if the whole of their  weight were distributed 
evenly  over the  surface by the full wimdth  of the  tires,  these vehicles 
cause an excessive amount of damage by not  conforming  to  the  road 
curvature  and  through  the off-side edges  alone bearing  on  the surface, 
crushing  and  tending  to  shear  through it. Whilst  the  Author  fully 
believes that  flatter camber will always tend  to  counteract  this 
particular cause of destruction,  the observed fact  that  all classes 
of vehicles, particularly motor-vehicles, keep to  the middle of the 
road causes him  to  doubt if the  flatter camber  will have  the desired 
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effect of more  even  distribution of traffic. It will  possibly  be found  in 
practice that 4 inch  per  foot is  about  the  flattest camber  permissible. 

Noiselessness.-In respect of quietness, a quality much to be 
desired, it is obvious that bituminous-bound  macadam  is  superior 
t o  ordinary  macadam. 

Hygienic  Advantages.-From the hygienic point of view, a com- 
paratively  monolithic  structure, smooth and impervious to moisture, 
rapidly  drying  after  rain,  and easily  cleansed, possesses many 
advantages  over  water-bound macadam. 

Tractive Efort Required-As t o  the comparative  tractive  effort 
required  upon  ordinary  and  bituminous-bound roads,  opinions seem 
to differ. Three of the  a,uthorities  interrogated considered that  the 
required  effort was greater  upon  bituminous  roads,  twenty-nine 
considered it was less, and  two  were of opinion that  the comparison 
depended  upon  conditions of weather;  but these  opinions  were 
expressed without  any experiments  having  been  conducted to  
ascertain  the  relative  effort  required. 

Having carried out  experiments by the method  described in 
Appendix 111, the  Author  arrived  at  the general  conclusions: 
(1) that  normally the excess of tractive  effort  required  upon  ordi- 
nary macadam by rubber-tired vehicles  over  steel-tired vehicles is 
not so pronounced on  bituminous macadam ; (2) that  the  tractive 
effort  required  under  like  conditions  is  greater upon  tar-sprayed 
roads than upon ordinary macadam roads; (3) that  with  the con- 
solidation and reasonable  wear of tar-macadam  roads,  when the 
roughness  had  been  worn  from the surface, the  tractive  effort 
decreased, and was  generally  less than  for  ordinary macadam 
roads.  These  general conclusions, however, may be  affected  by many 
circumstances and conditions, e.g., temperature of the sun’s  rays ; 
period during which the  surface  is exposed to  them ; depth of road- 
metal ; strength of the foundations ; character of the traffic ; con- 
sistency  and viscosity of the  matrix;  density of the bituminous- 
bound road;  length of time,  and  method  and  materials of which 
the  bituminous  road  has been constructed;  and  the traffic that   i t  
has  sustained. These, of course, are questions  affecting  mainly the 
construction of the road, and  are outside the  varying  factors of 
vehicles, speeds, lubrication, etc. 

( b )  DISADVANTAGES. 

These  may be summarized as :- 
The  first cost of construction or of conversion from  ordinary  to 

bituminous-bound  macadam. 
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The  lack of foothold on  gradients. 
The effect of adverse  weather-conditions  during  construction. 
Slipperiness  due  to  hoar  frost. 
Cost of Construction.-This is dealt  with  fully at p. 199 et sep. 
Lack of Foothold on  Gradients.--'l!his is a question of tractive 

power  which is of considerable pract:ical importance,  and much  will 
depend  upon the method of construction  adopted. It is  quite 
possible t o  make an  incline of 1 in 25 dangerous for horse  traffic ; 
and,  on  the  other  hand, a well and solidly constructed  bituminous- 
bound  road  may  be  made to afford  reasonably good foothold and 
safety  to horses  ascending or descend.ing an incline of about 1 in 12. 

Weather-Conditions during Construc.tion.-The state of the weather 
during  construction is an obvious matter  for consideration  with 
any system of tar-grouting. It is  not possible to effect proper 
penetration  when  the  stone is wet, and when  once moisture  has 
been  allowed to get  into  the  stone before grouting, some days of 
favourable  weather  may  elapse  before it will  be brought  again  to a 
satisfactory  condition. With tar concrete, weather is not such a 
formidable  factor ; for, once the  tar concrete  has  been  prepared in 
a suitable  depot,  with  the  aggregate  thoroughly  dry,  laying it 
during  wet  weather  presents  no  serious difficulty, and excellent 
work  has  been  done  with tar concrete  laid  under such  conditions. 
Generally  speaking,  however, the  weather  is  an  important  factor 
that  will  need  consideration  where the  bituminous  method of 
construction is applied. 

Some of the questions  dealt  wit'h  under  this  general  heading 
appear to  the  Author  to  merit e,specially further  experimental 
investigation, e.g. :- 

The effect of oil  before  bituminoufs  treatment. 
Degrees of imperviousness  and dlensity, and  the relative  powers 

of distribution of weight  resulting  from  various  methods of 
bituminous-macadam  construction. 

The  relative  tractive  efforts  required  upon  bituminous macadam, 
formed in various ways, and  on  ordinary macadam. 

IT. MATERIALS. 

( U )  ROAD-METAL. 

The  many  agents of destruction  operating  upon a macadam  road 
are of three  general  kinds,  namely, physical, mechanical, and 
chemical. 

The  principal physical agents  are  rain, mind, and frost. It maJ 

Downloaded by [ UNIVERSITY OF IOWA LIBRARIES] on [14/09/16]. Copyright © ICE Publishing, all rights reserved.



188 WALKER SMITH ON HIGHWAYS. [Minutes of 

be  accepted that, so far  as  the  road-metal itself is concerned, 
the effects of rain  and wind  will be practically  negligible, although 
resistance to them  depends  largely  upon  the  binding  material of the 
road.  Frost would  be expected t o  be deleterious to macadam in 
proportion  to  the  porosity of the  stone used ; but while  frost  is 
known to be a potent  agent of disintegration of the water-bound 
macadam  road, it  is  not  at  all clear that  this is due appreciably to 
destruction of the  stone itself : a t  all  events,  any such effect must 
be exceedingly  small in comparison with  the  destruction wrought, 
by traffic, in  the case of a stone which is a t  all  suitable. 

The mechanical destructive agencies are :- 
( l )   The crushing effect. 
(2) The  grinding or friction of steel wheels and of rubber-tired 

driving-wheels-particularly  those  with  non-slipping devices. 
(3) The  pounding  action of horses’ steel-shod  hoofs and a some- 

what  similar  action of steel wheels upon  uneven  macadam  surfaces. 
If the road were perfectly level, and  the load per  inch of tire were 

sufficiently  within  the  limits of resistance of the  stone,  the  crushing 
effect would  be negligible ; but  in practice it is  not negligible, and 
crushing does  occur, on  account of the unevenness of the road- 
surfaces. This  is exemplified in  the passage of broad-tired  traction- 
engine wheels over a highly  cambered  road,  where excessive stresses 
are  undoubtedly  set  up  in  the  individual  stones. 

Chemical  action  seems to be of even less importance than 
physical  action, although  there will be a certain  tendency to dis- 
solution of such chemical constituents  as lime,  by  carbonic  acid 
and  the acids  derived  from manure  on  the road-surface. I n  this 
connection Mr. Waller  Page,  Director of the  Department of 
Agriculture, U.S.A., compared six  thin sections of fresh  diabase 
with  six  other sections from  the  same  rock ledge  which  had  been in 
a  roadway  for 9 years, and so far  as couid be  observed  microscopi- 
cally  no  change  whatever  had taken place in  the plagioclase and 
augite of which the rock was  composed, or in the rock as a whole. 
Other samples  were tested  in  other ways, with  the  result  that  no 
perceptible  difference could  be discerned. 

It will now  be  well to consider what  has been attempted,  and  what 
may  profitably be attempted,  to  predetermine, by laboratory means, 
the possible effects upon  various  stones,  under service  conditions, of 
these  agents of destruction.  Laboratory  tests  for  the chemical 
effects  will be excluded  from  consideration, because they  are con- 
sidered to be practically and comparatively  negligible : neither  are 
the physical effects, other  than freezing, thought  to need  considera- 
tion  under  this  general  heading of road-metal. 
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For this purpose, it is thought  that  certain  tests  and observations 
should be carried  out which might be subdivided  under  three 
headings,  namely,  physical,  petrological, and chemical. 

Physical.-The ascertainment of these  properties should un- 
doubtedly devolve upon  the  engineer,  and  there would appear  to be 
necessity for  investigation  under the following  sub-headings :- 
specific gravity ; compression ; tension ; attrition ; abrasion ; impact ; 
absorption ; freezing ; slipperiness ; cementation ; tensile strength 
of mixture of bitumen  and  abraded  aggregate ; bitumen-holding 
and  absorptive capacity of stone ; heat-capacity  and  tendency  to 
radiation ; size and  shape of metal.  Proposed methods of carrying 
out  these  laboratory  tests,  the definite  objects sought,  and  the sig- 
nificance of the  tests,  are described and discussed in Appendix IV. 

Petrological.-The records needed under  this  heading obviously 
fall  within  the province of the  petrographer. 

The  stones should  be classified in tlhe following groups :-granite ; 
porphyries and  porphyrites ; basalt  and diabase ; andesites ; hornfels 
and  metamorphic rocks ; sandstones  and  quartzites ; limestones and 
dolomites ; artificial  stones. 

The  observations necessary to effoct such classification are  such 
that  the resulting inclusion of any rock in a particular  group would 
convey to  the  petrographer  the  mineral  constituents of such  stone 
and  its chemical composition, its  structure  and  texture,  and  the 
manner  in which the  mineral  constituents  are  knit  together. 

There  appears to be a growth of opinion that petrological 
observations are of great  utility,  particularly  for building-stones, as 
these  supply a short  cut  to  the  general  characteristics of the  stone 
and  are  quite  inexpensive  to  undertake. 

Chemical.-The petrological grouping will of itself give a general 
idea of the chemical composition of the stones, and it is  questionable 
if anything more in  this  direction is needed. 

The  value of chemical analysis  as a guide to  the selection of 
building-stones  is discussed by Mr. 13irschvald21 who carried out a 
very  large  number of chemical analyses of building-stones, in  the 
hope that by  carefully  compiling and  studying  the  results  he  might 
deduce some law or laws therefram.  But  after  many  experiments 
and  the  expenditure of much timer and  thought,  he found the 
position was hopeless and abandoned. it. On  this  account it may 
be pardonable  to express diffidence as8 to  the  probability of chemical 
analysis  casting much light  upon  the  road problem-subject to 

1 ‘‘ Die Priifung  der  Natiirlichen Bausteine auf ihre  Wetter-bestindigkeit,” 
Berlin, 1908. 
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reservation  as  to  probable  assistance  from  chemical  analysis  in  the 
study of the  cementation  properties of stones used for water- 
bound  roads. 

Investigations  into  the  petrological  and  physical  characteristics 
of stone  have  been  carried  out  together,  and,  being  to some extent 
correlated,  they  may be  conveniently  considered  together. 

I n  this  country a t  least,  the  most  systematic  endeavour  in  this 
direction was that by Mr. X. J. Lovegrove, M. Inst. C.E., Dr. Flett 
and Mr. Allan  Howe, B.Sc.,l in which the physical  tests were  carried 
out by Mr. Lovegrove  with  various  kinds of British  stone, wet and 
dry,  in a " Rattler '' machine, as described  generally  in  Appendix IV, 
and  the  petrographers, Dr. Flett  and Mr. Howe, dealt  with  the 
petrological  characteristics  and  mineral  constituents of these  stones. 
Unfortunately,  the  attrition  test was the  only  physical  one  carried 
out;  but  the  Author  has  extracted  and  summarized  the  results 
in Table  A. 

TABLE A.-ATTRITION-LOSS BY WEIGHT. 

I,,, (14). 

Per  Cent. 

l 
DusGDry.  . j 7.8 

,, Wet . 11.6 

,, Total . 1 19.4 - 
Total  Dry 8 .5  
Detritus} Wet i 1 2 . 6  

Total . 21.1 l- 

Description of Rock  and  Kumber of Tests. 

The  stone was broken  to a 2-inch  gauge and was so selected that 
about  sixteen pieces weighed  approximately the 4 lbs. which was the 
charge in each case, and  each  test  consisted of 8,000 revolutions of 
the  machine;  in  the  wet  test  the  stones,  after  being  weighed,  were 

1 E. J. Lovegrove, " Attrition  Tests of Road-Making  Stones,"  with  Petrological 
Descriptions by J. S. Flett and J. A. Howe. London, 1906. 
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immersed in  about f r  gallon of water,  and  were  dried  again  before 
being  weighed after  attrition. 

The  chips  are  taken  as  not  exceeding a weight of & oz. The  dust 
is said t o  be very fine powder, but a precise  definition of the  point 
:it which the chips cease and  the  dust commences is not  given. 
Table A shows  clearly that  the loss by attrition  in  the  wet  state is 
far  more  pronounced than  in  the  dry:  that  the  attrition-test is 
particularly  severe  upon  the artificial  stones,  which  were  blast- 
furnace slags, and  the  sedimentary rocks, which  included a large 
number of limestones.  The  lowest in  attrition-loss would  appear to 
be the metamorphic  stones, but it would  be  undesirable  to  generalize 
from  this  fact,  as  there  were,  unfortunately,  only  four  stones of 
this class  tested. 

The  descriptions of rock  are,  perhaps,  not  those  which  would  be 
the most  acceptable  to  the  petrographer, but  are  such  as  are  useful 
to  him  and  to  the  engineer  in  considering  the  value of road-stones. 

The  next records  available in British  sources,  which  are  rather 
more  useful  from  the  point of view of physical  qualities,  were 
carried  out  by Mr. Logan  Waller  Page,  Director of the  Department 
of Agriculture, U.S.A., in 1909, and  published in  the  “Surveyor” 
in  April, 1910. These  tests, which  have  been tabulated by the 
Author  in  Table B, related  to  absorption,  abrasion  (hardness),  impact 

TABLE B,-PHTSICAL PROPERTIES OF STONES. 
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(toughness),  and  cementation value, and  the  weight per cubic foot 
was recorded in each case. 

The  hardness,  toughness,  and  cementation value were determined 
generally in  accordance with  the  methods described in Appendix I V  
under  the  headings of abrasion,  impact,  and  cementation. Table 
shows a wide range  in  the  results of tests for “water  absorption ” 
and  “toughness” ; whilst  the differences in  hardness  are less 
pronounced. The  weights  per cubic foot  have a fairly wide range. 

Such  results would obviously be of much  greater use if certain 
laws or facts could be deduced from  them  for  future  guidance ; and 
with  this  object  the  Author  has  plotted  the  results  in Figs. 6-8, 
Plate 5. The  curve  for  the  general law in each case was plotted 
from  the  average  readings for all  stones  under each specific gravity ; 
the  other  curves were obtained  by  plotting  the  average values under 
each specific gravity  in  the respective  groups. I n  considering these 
curves it must be borne in  mind  that  they  have been plotted from 
unequal  numbers of, and  in some cases very few, records under 
each specific gravity. 

Cementation  Value.-The results  in  this case were found  to be so 
varied,  that it seemed impossible with  the records a t  disposal to 
suggest  any law. 

Water - Absorption.-The results of the  water-absorption  tests 
appear in Fig. 6. 

It appears  from  these curves, as a general rule, that  the  water 
absorbed  varies  inversely as  the specific gravity. In   t he  “ granite ” 
group  the  curve follows the  straight-line law. In  the  “porphyry ” 
group  the  curve shows a rapid fall from 153 lbs. to 168 lbs. per 
cubic  foot, and  then  rises  up  to 175 lbs. ; but as there were  only two 
readings below 162 lbs., and  one  reading above 172 lbs.,  the  curve 
is not reliable. I n  the  groups of ‘‘ basalt  and diabase,” “andesites,” 
and “ hornfels and metamorphic,” the “ curves ” are  straight  lines, 
inclined a t  slightly  different angles to  the  axis. I n  the ‘‘ sandstone 
and  quartzite” group, the curve falls rapidly at first,  and more 
gradually  with  increase of specific gravity. I n   t h e  “ limestone ” 
group,  the  curve  falls  rapidly at first  from 162 lbs., and more 
gradually  towards  the  end (175 Ibs.) ; the  range  is  very  short,  and 
nearly all the  readings  are  at 168 lbs. 

Hardness.-Curves for  hardness  are  plotted  in  Fig. 7. They 
indicate a general law that hardness increases directly  as  the 
specific gravity,  the increase of each individual  group  being a t  a 
different  rate. A n  exception to  this occurs in the  sandstone  and 
quartzite  group, where, with comparatively  few tests,  the converse 
appears to be the case ; this  result, however, appears  to be due to 
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the inclusion of sandstones  with  quartzites;  for  the  latter,  whilst 
having a high power of resistance t,o attrition,  have  comparatively 
IOW specific gravities.  Practically  all of them weigh  only about 
165 Ibs. per cubic  foot,  whilst the sandstones, of less resisting power 
to abrasion,  have, as a rule,  a  higher specific gravity. 

Toughness.-The curves for tou.ghness  (Fig. 8) indicate  the 
same  law  as  for  hardness,  but  without  the  reservation in regard 
to  sandstone  and  quartzite. 

Generally  speaking, the  plotting of the  results  with  the  idea of 
determining  certain  laws  is promising, but at present  there is 
obviously far too  little  information  available  from which to  make 
any confident  deduction. 

Making  due allowance for the paucity of the  attrition-tests  by 
Mr. Lovegrove,  previously  alluded to, for possible discrepancies on 
account of the  number, size, and  shape of the stones in each  batch, 
for  variations in the  quarry  and for the  many  other  conditions  that 
go to  render  deduction difficult, Mr. Allan  Howe does appear to  
find certain petrological  correlations of much  interest, e.g., that  
one  must look to  hard minerals,  such  as  quartz,  with a dense 
fine-grained texture, for the  hardest  and  toughest  stones,  and 
that  the best  rock structures  for wear are  the micrographic, the 
microgranitic, and  the ophitic. Mr. Howe also points  out 
generally that fresh rocks are  not necessarily better  than  altered 
rock, that  it is possible for  the  alteration of rock to  make 
it actually  stronger,  and  that  much  depends  upon  the  extent  and 
character of the  alteration. 

In the account of Mr. Page’s tests  there  are  unfortunately  no 
petrographer’s  reports  upon the correlation of mineral composition 
with physical  characteristics. 

This  question  has  been  considered  by Mr. C. Lord, Petrographer 
to  the Office of Public Roads, Department of Agriculture, U.S.A., 
who appears  to find that on  account of the  higher degree of crystd- 
lization and  the preponderance of silicate  minerals,  igneous  and 
metamorphic  rocks offer greater  resistance t o  abrasion  than  nearly 
all varieties of sedimentary  rocks ; that  the coarse-grained,  igneous, 
intrusive rocks are more  resistant to abrasion, but less to  impact, 
than  the finer  aggregate of like  mineral composition : and  that  the 
cementing  value of rocks  is, to a certain degree,  measured  by the 
abundance of secondary  minerals resulting  from  their decay. 

Generally  speaking,  whilst there is insufficient material a t  hand 
to  enable any definite  correlations  between  petrological  examina- 
tion  and physical  properties to  be arrived at, there is a promising 
field for  experimental  work in this direction. 

[THE INST. C.E. VOL. CLXXXYI.] 0 
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( b )  BITUMINOUS BINDER. 
In discussing the subject of bituminous  binding-material it may 

be recalled that  the problem under  consideration is the construction 
or treatment of roads  other than  the heavily-trafficked town  roads 
or those  requiring special treatment,  for which a natural  asphalt, 
compressed or  mastic,  may  be  found  suitable. Having  regard  to  the 
very  large  aggregate  mileage of the class of road  under considera- 
tion,  the cost of the  bituminous  binder  is a  very  important  factor. 

Broadly  speaking, the  matrix  for  bituminous-macadam  roads  may 
be divided  under  two heads,  namely :- 

(l) Natural  asphalts  and  petroleum residuals. 
(2) Tar products. 

(1) Incorporated  with  broken  stone in the  form of bituminous 
macadam, natural  asphalt  has  not been  much  employed in  England. 
There  are  already a few  excellent  examples of this  form of construc- 
tion,  the  aggregate  being  granite  and  the  matrix a blend of natural 
asphalt  and  petroleum  residual.  Such a matrix  is much  more 
expensive than a satisfactory  distilled tar. 

Apart, however, from  the  question of cost, the  asphalt  and 
petroleum  compound  has  certain  advantages and disadvantages. 
Among the  former  is its property of setting as hard as pitch,  without 
the brittleness of the  latter;  and amongst its disadvantages  is the 
property-at  least for  the “ concrete ” method,  although it would 
not be so pronounced in  the ‘‘ penetration” method-of setting  very 
quickly,  necessitating  insulated  vehicles  for  conveyance and  great 
expedition in rolling. 

Some attention is now being  directed  to the possibilities of the 
petroleum  residual  alone in road-construction, but  the  Author  is 
not  aware  that  any examples of its use  are  yet  to be seen. It will 
have  advantages  and  disadvantages  similar  to  those of the blend of 
natural  asphalt  and  petroleum  residual, of which there  are some 
satisfactory  examples to  be seen, and it will  probably be cheaper ; 
but it is  not  likely  to compete with good distilled tar  in cost. 

These  substances,  however,  merit  very  careful  consideration  as 
possible matrices, not only  for  use  by  themselves, but also for 
blending  with the much  cheaper  tar. By experimenting  in  the 
laboratory  and  on a  practical  scale  there  may be found a blend 
yielding  results  considerably  superior  to  those of tar alone, and 
involving but  little  expenditure  in  the  addition of the more  expen- 
sive  bitumen. Meanwhile, this  material,  applied in  the bituminous- 
macadam  method of construction,  is  in its infancy, and it need not 
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be further discussed here.  On  the ot8her hand,  the use of tar is now 
well established; much information  upon  the  subject  is  already 
available, and much  experience  has  been  gained. That method will 
therefore  claim more particular  attention in  this  Paper. 

(2)  The  production of tar in  the  United  Kingdom,  as  shown by 
various  Government  returns  and  reports,  is  indicated  in  Fig. 9, 
Plate 5. If and  when  the  coke-ovens  not  yet so treated  are  arranged 
for  the  recovery process, an  additional  quantity  representing  about 
50 per  cent. of the  present  total will be available:  and if 50,000 
miles of road  were  reconstructed  upon  the  bituminous-bound 
principle  within  a  period of 20 years,  and  the  production  were 
to  remain  as a t  present,  the  annual  quantity of tar used for  this 
purpose would be  merely  14  per  cent. of the  total produced ; so that 
the  price of tar is not likely to be  much  inflated on  account of its 
application  to  road-construction. 

It is now generally  realized that much of the  early  failure of 
bituminous-macadam  road-constructi'on was directly  due  to  lack of 
knowledge of the  properties of tar and  to its extraordinary  variability 
in  character  and  composition. In  the  ordinary production of gas 
from  bituminous coal, the  tar produced  from  the  same  works varies, 
being  dependent  upon  the  following  as well as  other  conditions: 
temperature of distillation,  shape of retort  and of exit pipe, quality 
of the coal, location of interception  in  works,  and  condition  of 
storage-tank.  When  it  is  found  that  tars  from  the  same  works 
vary  considerably in  character  and con.sistency, it is readily  realizable 
how varied  will be the  tars from  difrerent  works, produced under 
different  conditions. 

Percentages of Distillates.-The results of distillation of a  few 
green or raw tars are  shown  in  Fig. 10, Plate 5. The  residuals  from 
the  last  distillation a t  240" C., which  were  reduced  to  such  a specific 
gravity  as  experience  had  shown  to be likely to yield good results 
in practice,  were then  taken,  and  together  with  two  other  samples 
of distilled tar were  subjected to  the following  tests  and  investiga- 
tions : kst, as  the percentage of distillate at various  temperatures 
is always  likely to be a  guiding  or  inferential  test of the  consistency 
of tar,  distillation of the  samples wa58 carried out with  the  results 
shown in  Fig 11, Plate 5. The  method of carrying  out  these  tests 
is described in  Appendix V. 

V0Zatilization.-The next  important  quality of a good bituminous 
matrix  that was tested was the power to  retain  an  originally 
satisfactory  condition  against  the  detrimental effect of volatiliza- 
tion  under  atmospheric  influences.  Oxidation  and  volatilization 
will naturally  tend  to  deprive  bitumen of important  constituents 
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and  ultimately  to  reduce it to  a  hard  and  friable  substance.  The 
effect of oxidation was not  tested ; but by a simple  test,  described 
in  Appendix V, the effect of volatilization was estimated. At  the 
same  time,  as  indicating  further  the  difference in composition of 
the  tars,  the various  fractions  from  the  last-mentioned  distillation- 
test  given off a t   the  same  temperatures of distillation were, together 
with  the  samples of distilled tar, subjected  to  this volatilization test 
with  results  indicated  in  Fig. 12, Plate 6. 

Viscoaity.-An obvious  quality  to  be possessed is that of resistance 
to  penetration  by  superimposed  weight in all  probable  atmospheric 
temperatures.  Samples of the same  tars  were  tested  for  this  quality 
by the simple  test  described in  the Appendix,  with  results  indicated 
in  Fig. 13, Plate 6. 

Free Carbon.-It seems  self-evident that  the presence of free 
carbon  in  tar  in  various  proportions is a  factor  to be  carefully 
considered.  There  already  appear  to be  differences of opinion  as  to 
the degree  to  which  the  presence of free  carbon  in  tar may be 
desirable or undesirable,  and  the  question is undoubtedly  one  upon 
which further  investigation is needed. 

Samples of the same  tars  as  were used for  the  tests  previously 
described  were used for  the  determination of the percentage of free 
carbon  contained.  These  results  also  have  been  plotted in  Fig. 13, and 
it will  be  seen that  to some extent-although  not  uniformly-the 
resistance  to  penetration  varies  with  the  percentage of free  carbon. 
It is conceivable that some law  connecting  these  qualities in  tars 
produced by the same process could be deduced  experimentally. It 
has been stated  that  the  free  carbon may be  regarded  as  merely an 
inert  impurity,  and  that  the  value of the  tar  is decreased by that 
percentage of the whole  which the  free  carbon  represents;  but 
although  this  may  appear  reasonable  from  the  chemist’s  point of 
view, it is  not  firmly  established,  and a large  amount of good work 
has  been  done  with  high-carbon tar : nevertheless,  there  must 
obviously be a limit  to  the percentage of carbon  permissible. To 
take  a  fairly  comparable case, it would  be unwise  to  say  that 
Bermudez  asphalt  with 95 per  cent. of bitumen  (soluble in carbon 
bisulphide),  and 2 .5  per  cent. of inorganic  matter would, to  the 
extent of its difference in  the percentage of inorganic  matter, be 
superior  for  paving  purposes  to  Trinidad  Lake  asphalt, which 
contains 56 per  cent.  bitumen  and 36 per  cent. of inorganic  matter. 
It may, of course, be held that  in  the organic  and  inorganic 
contents of the  Trinidad  Lake  asphalt  there  is some quality  other 
than  the  inertness which is  supposed to characterize  the  free  carbon 
in tar. 
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It is  sometimes  considered that a high-carbon tar  is less penetra- 

tive in its effect upon the aggregate than a low-carbon tar. This 
may or may  not be true : if true, it may or may  not be an advan- 
tage : and if an advantage, it will  be attained  only  by  virtue of the 
penetration of the  lighter oils of the  tar,  the  advantage  accruing 
from which  could  probably be attained  more  satisfactorily  by 
previous  treatment of the  stone  with such light oils. What a 
high-carbon tar loses in chemical purity as a bitumen, it probably 
gains  in mechanical strength:  tar  and pitch  tend  to  unlimited 
distortion ; they have no  elasticity  and  no power of recovery ; and 
it is quite  reasonable t o  presume that  free carbon or any  inert 
matter well  diffused in  the tar will  stiffen the  material  and  increase 
its viscosity, for  the  distortion will  c'ease when  pressure  has  brought 
the hard  particles  together. If this be so, it  is reasonable to 
suppose that  the free  carbon,  being so thoroughly  interspersed by 
distillation  throughout  the whole lbody  of the  tar, will, for  the 
percentage of inert  matter contained,  exercise the maximum  indu- 
ence for good, as i t  will  be present  in a uniform  and diffused 
manner,  superior  to that  in which any  extraneous  mixing could 
possibly diffuse an  added  substance,  such as lamp-black,  chalk, 
cement, or fine sand. 

A method used for  the  determina.tion of free  carbon and  other 
suggested methods  are described in Appendix V. 

Cohesion and Adhesion.-It is  thought  that  there should be a 
positive test  to  determine  the degree to which  stones covered with 
bitumen will adhere  to  one  another.  This  is a primary  requisite of 
the bitumen,  and  whilst it is desirable that  the  strength of the 
initial  set or bind  should  be  high, it is of greater  importance that 
after  being  broken or disturbed  in  the  original  bond,  the  stones 
should be reunited  by  pressure as Eitrongly and firmly as  before; 
for it must be remembered that  them  is always  a certain  amount of 
movement  by the traffic which tends  to  destroy  the  original 
adhesion,  both  from the  bending of the  road  and  the  tendency of 
heavy  loads to  shear  through. 

The  results of tests  for cohesion and adhesion  (Appendix V) 
carried out generally  upon  samples of the same tars as were used 
for  the  other  tests described, are delineated in Fig. 14, Plate 6. 

The chief comment  called  for  upon  these  curves is the compara- 
tively  unsatisfactory  result of the  test  upon  the re-adhesion of the 
bitumen  to  the stone,  originally  hea,ted to  100" F. at the  time of 
application of bitumen.  Even if this had not been at all pro- 
nounced, it would  nevertheless  have :needed to be remembered that, 
with  the  heating of the  aggregate for tar macadam,  only a much 
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thinner  coating of matrix  in  the concrete is  obtainable,  and that 
consequently  oxidation  and volatilization must  shorten  the  life of 
the  road still more with  the smaller body of tar contained  in  it. 

The foregoing are  all  the  tests  that  the  Author  has  carried  out, 
but  others  might  with  advantage be made, particularly  determina- 
tions of the melting-point  and of the  amount of fixed carbon. The 
melting-point  is  an  important  characteristic of oils, and  bea-s upon 
their relat,ive hardness  and  brittleness.  The  test does not  appear 
to be necessary in  England, where the  range of temperature  is  not 
very wide, but obviously it would have  great  importance  in  tropical 
climates. 

“ Fixed carbon ” may in  future be found  to be a useful index : it 
can be determined in  the  very simple manner described at   the 
end of Appendix V. It may with  advantage be  recorded for  any 
experimental  lengths  to be laid  under service conditions, whereafter 
there could be determined  the  advantage or disadvantage of its 
presence or absence in  certain proportions. 

As  the  results of his  experiments,  the  Author  has  drawn  up speci- 
fications for  tar. These, with  certain  explanatory  notes,  are  set 
forth  in  tabular  form,  under  the  headings  Moderate Tar,’’ “ Heavy 
Tar ” and “ Soft  Pitch,”  in  Appendix  VI. 

It is not suggested that  these specifications are perfect, or  that 
they will eliminate all the difficulties to be met  with  in  obtaining 
tar of uniform  quality ; but  the  Author  felt  that it was better  to 
have  even an  imperfect  standard  than  no  standard at  all;  for at least 
there  is  the  advantage  that  the  results  obtained  in practice are  the 
effects of known conditions,  which  can  be modified so as to  eliminate 
undesirable and  retain desirable features. 

Nor  is it suggested that these  three specifications alone will 
cover all the  varying  conditions  under which tar  may profitably  be 
used, and  the choice of specification will  depend  upon local and 
climatic conditions at  the  time of application,  and  upon  the method 
of construction  adopted. 

I n  Appendix VII the  Author  has given some particulars of a 
proposed test  to  determine  the wear of an  actual  road-surface; also 
of methods  for  measuring wear on  ordinary roads, and of recording 
the  condition of their  surface. 
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v. FINANCIAL CONSIDERATIONS AFFECTING THE RECONSTRUC- 
TION OF EXISTING MACADAM ROADS IN  THE BITUMINOUS- 
BOUND FORM. 

AS a preliminary to  the consideration of this question, it will be 
convenient to  submit in the  form of curves the fluctuations of the 
mileage and cost of the various classes of roads,  excluding the 
Metropolitan  borough  roads  and  the paved  roads in the large 
towns  and,  to some extent,  in  the clounties. Such  curves,  prepared 
from  Government  returns,  are  given in Fig. 15, Plate 6. The 
English  road-costs  exclude  consideration of the  loan-charges, whereas 
the  Scottish  road-costs  include  the loan-charges. Appendix VI11 
shows the  annual  expenditure  upon  the  English  roads divided as 
between ordinary  maintenance  and loan-charges. Whilst  the 
statement is reasonably  complete in itself,  one  factor is omitted 
which is  important  for  determining  the effect that  the  advent 
of the self-propelled  vehicle  has  had on  the  financial  side of road- 
maintenance: that  factor is, the  relative  condition of the road- 
surface in each  year. For instance, the deduction  from  these 
curves that  the  advent of self-propelled traffic had not been  finan- 
cially  prejudicial to  road-maintenance would  be  erroneous if it 
were the  fact  that  the condition of the  roads  since  the  advent of 
that  traffic had  been allowed in many cases to  deteriorate.  With 
such  information,  and in the  light of the claims that  are made of 
the beneficial effects, financial and otherwise,  which  will  accrue from 
the adoption of the bituminous-macadam  form of construction, it is 
intended to  consider, in  order  to  test  the  theory,  the  future con- 
struction of many of these  roads  upon that method. For this 
purpose it will  be  convenient  to take  for  consideration  the  roads of 
England  and  Wales. 

From  the  total mileage, as  set  forth in Appendix VIII, there 
may be deducted the roads of Londlon City, the paved portions of 
the  county  and  town roads, and  the  large mileage of country by- 
roads (which are at present  maintained a t   an  average of S20 per 
mile  per  annum,  and  many of which  will be maintained a t  about 
2 7  per  mile  per  annum),  none of which  lend  themselves  readily to 
the possibility of economy from  bit'uminous-macadam  construction. 
Eliminating  these  roads,  the  remainder, which are considered on 
principle to be  capable of such  reconstruction,  may be summarized 
under  three  headings,  designated, merely for convenience of cxpres- 
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sion, as  primary,  secondary,  and  tertiary  roads. Of these, there 
will be in round  figures :- 

per Annunl. 
Per Mile 

Primary roads, 5,000 miles,  maintained at an annual cost of S200 
Secondary ,, 22,500 ,, , I  ,, ,, 3200 
Tertiary ,, 24,000 ,, 1 9  ,, I ,  266 

Primary  Boa&.-It is suggested that  the traffic  upon the primary 
roads,  which a t  present is  such  as  to  require  an  annual  expenditure 
of S200 per  annum  on  maintenance, would justify  and necessitate, 
from  considerations of economy, their  reconstruction  upon  the 
penetration  system at   an average cost of 3s. 4d. per  superficial  yard ; 
this would entail,  for  an  average  width of roadway of 18 feet,  an 
expenditure of &1,760 per mile. I n  considering  the  financial  aspect 
of this  proposal,  the  following  data  have  been  used :- 

I n  each  year 1,000 miles will be constructed, thus completing  the 
original  reconstruction of this class of road  in 5 years ; the  lengths 
most in need of repairs  being obviously those  to be executed  first. 
The  remaining  length of ordinary  roads  after each successive recon- 
struction of a  portion would  be maintainable a t   the  reduced rate of 
X100 per  mile  per  annum.  The  repayment of the  capital cost 
involved  by the reconstruction  would be spread over a  period of 
7 years,  when,  assuming 4 per  cent.  interest,  there would need to be 
repaid, in equal  annual  instalments of principal  with  interest,  say 
S16 15s. per  cent.  per annum. 

The  cost of maintenance of the  bituminous macadam will be 40 per 
cent.  only of that of the  existing  water-bound  macadam,  and such 
maintenance will not  fall  to be undertaken  until  the  sixth  year  from 
the  date of the  commencement of construction. A curve,  calculated 
upon  the  basis of these  data,  has been plotted  in  Fig. 16, Plate 6, 
which,  while  showing  graphically  the  various  details of the  arrange- 
ments,  also shows the comprehensive  financial  result effected. There 
is  indicated  a  saving in  annual  expenditure  that decreases up to  the 
fourth  year ; thereafter  the  present  annual cost is gradually exceeded, 
culminating  with  the  seventh  year,  and  then  declining  gradually 
until,  at  the  fourteenth year, the maximum  and  permanent 
reduction in  annual cost upon  these  primary  roads is obtained. 

Secondary  Roads.-For the  reconstruction of these  the  following 
data have  been  assumed :- 

A cost of 2s. 2d .  per superficial yard  for  bituminous-macadam 
reconstruction,  representing,  for  roads of an average  width of 
18 feet,  a  cost of S1,200 per  mile, 

Repayment of this  capital  expenditure over a period of 7 years- 
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as for the  primary  roads-representing  an  annual  payment of 5200 
per  mile  per  annum. 

Reconstruction of 1,500 miles  per  annum. 
Tar-spraying of each length  reconstructed, 3 years  after  such 

reconstruction. 
Maintenance of such  reconstructed  roads at  50 per  cent. of 

the  present  cost of maintenance,  and  the  commencement of such 
maintenance-charge at  the  sixth  year  after  reconstruction. 

Reduction of the cost of maintenance of the  ordinary macadam 
roads by 50 per  cent.,  by reconstructing first those  lengths of 
ordinary  macadam  most in need of repair. 

Upon  this  basis  the  curve  in  Fig 17, Plate 6, has  been  plotted. It 
is  drawn  upon  the  same  principle  as  that followed for the prima1.y 
roads,  and shows a saving  in  annual  expenditure  from  the com- 
mencement of reconstruction  up  to  the  fifth  year;  thereafter  an 
increase  upon  the  present  expenditure  up  to  a  maximum  increase 
attained  at  the  seventh  year, which  maximum is maintained  until 
the  fifteenth  year.  Then  the  annual  cost of maintenance is 
reduced  gradually,  until  the  maximum  and  permanent  saving  due 
to  the reconstruction  is  obtained at  the twenty-second  year  from 
the commencement. 

Tertiary Roads.-In this c s e  the following data have been 
assumed :- 

A cost of 29. 2d. per superficial  yard as for  the secondary  roads. 
Repayment of the  capital as for  the  secondary  roads. 
Reconstruction of 1,200 miles  annually. 
Tar-washing  as  for  the  secondary  roads. 
Maintenance  as  for  the  secondary  roads. 
Reduced  cost of maintenance of existing macadam during  period 

of reconstruction,  as  for  secondary  roads. 
Upon  these  data  the  curve  in  Fig. 18, Plate 6, has been  plotted. It 

will be seen  to be  very  similar  to the curves  for the primary  and 
secondary  roads,  and to  show  a  gradually  diminishing  saving in 
annual  cost  from  the  commencement of the  reconstruction  up  to  the 
fourth  year;  thereafter  a  gradually  increasing  additional cost, 
culminating at  the  seventh  year,  but  slightly  diminishing  to  the 
twentieth  year,  and  then  declining  rapidly  until, a t   the  twenty- 
seventh  year,  the  permanent  and  maximum  saving over the  present 
annual  cost of maintenance is  realized. 

Having  regard  to  these  financial  considerations, it is desired  to 
arrange  the  reaonstruction so that at' no  time  shall  the  total  annual 
cost exceed that which now obtains.  This  has  been  worked  out, 
and  the  result is submitted  in Fig. 19, Plate 6, which  shows the  three 
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forms  taken  by  the  curves  for  the  three classes of roads. I n  order  that 
there may be at no  time  greater  annual  expenditure  than a t  present, 
it will  be necessary to  delay the commencement of the  reconstruc- 
tion of the secondary  roads until  the  sixth year  after  the commence- 
ment of the  primary roads, and  the  tertiary  roads  until  the  fifteenth 
year  after  the commencement of the  primary  roads, so that  the 
whole of the roads  will be reconstructed in a period of 34 years. 

A point  is  reached at  about  the  twenty-third  year when  a  gross 
annual  saving commences, and  the  fluctuating financial  position is 
indicated  by the curves in Fig. 20, Plate 6. The firm line shows the 
fluctuation in the saving and  the necessity of accumulating a 
considerable sum at   the  seventeenth  year, in  order  to pass the 
crucial  point,  which  occurs at the twenty-second  year. At   that  
point  many of the  repayments cease, and  there follow-as indi- 
cated  by the  dotted line-an annual  saving commencing at   this 
date,  rising  to  something over S l ,OOO,OOO per  annum at  the  twenty- 
seventh  year,  and  maintained at that  until  the  thirty-fourth  year ; 
thereafter  the  annual  saving  increases  gradually  until,  after  the 
forty-first  year,  there  appears a maximum  permanent  saving of 
between 22,000,000 and .X3,000,000 per  annum. 

Whilst  the highways that have  been  taken as capable of economical 
treatment by the bituminous-macadam  method are  certain classes 
of roads  for  the whole of England  and  Wales,  the  principle could, 
it is suggested,  profitably be applied to  separate  counties by grading 
the roads so that  they be reconstructed of sufficient but  not excessive 
strength  to fit them for the traffic and conditions they have  to  bear, 
and by  adjusting  the  reconstruction so that   a t  no  time  shall a  heavy 
expenditure in excess of that  at present  obtaining  fall  upon  the 
county or other  unit.  With  the  present  system of county  and local 
taxation,  this would no  doubt  require some adjustment;  but it is 
not  anticipated  that it would be incapable of convenient  and 
equitable  arrangement. 

RECOMMENDATIONS. 

( a )  STANDARDIZATION OF MATERIALS OF COFSTRUCTION. 

Road-Metal.-There should  be commenced and continued  syste- 
matic  laboratory  tests  and  analyses of stones, the physical and 
petrological results of which  should  be  recorded  for  each trial 
length of road laid under service  conditions.  These  records 
would be made  with a view to correlate the various  physical  tests, 
and  further  to correlate the physical tests  with  the petrological 
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descriptions. It is desired to  establish ultimately-at least  for 
physical  qualities-relative values for  the  two  forms of construction, 
namely, bituminous-bound  and  water-bound macadam, and probably 
to  determine  the  relative values of the several methods of con- 
struction  with  bituminous macadam. It will at least be necessary 
to establish separate values of road-stone for water-bound  and 
bituminous-bound macadam, as  they will obviously be very 
different ; for  instance, physical  test8s might be compered generally 
in  the following  way :- 

TABLE C. 
l 

Test applied. ' General Relative Values of the Tests for Water-bound and 

Crushing . ~ ZpproximatGequal value. 
Impact or , Of less  value or importance  for " bituminous-bound,''  on 

toughness . account of the viscous nature of the binder  producing  a 

Abrasion or hardness . account of Lhe firmness with which the stones will be 
! Of less  value or importance  for " bituminous-bound," on 

held, reducing  abrasion or friction to the surface only. 
Of much less  value or importance  for " bituminous-bund" 

i -- Bituminous-bound Macadam. 
-~ 

I cushioning effect. 

I 
metal  which i s - a t  least,  in  the first instance-rendered 
waterproof  by  each particle being  coated  with  bitumen. 

Cementation{ ~ for '' bituminous-bound." 
Of high  value for " water-bound," but of very  small  value 

Numerical values for each particular  quality of road-stone cannot 
be determined  accurately except  by working back from practical 
results,  and  this will take some considerable time ; but it should be 
possible, by systematic co-ordination. of laboratory coefficients with 
coefficients of wear and traffic, and, it appears to  the  Author, by 
that  means only. All practical road-makers, however, know  within 
certain  limits  the  characteristics which cause a stone to be useless 
for  road-making,  and also the  qualities mostly prized as  giving  to a 
road-stone a high value. 

As a first step  in  formulating a  Table of relative values for 
physical  properties, i n  order  readily to compare any  stone  with a 
standard, a more or less arbitrary Table  may with  advantage be 
prepared  from available information  amongst road-makers, with 
which to compare results  obtained  under service  conditions. From 
these  results coefficients would be a,djusted  empirically from  time 
to  time.  Such a  proposal in concrete form  is  submitted  in  Table D. 

These hypothetical  results would be interpreted  thus :- 
Sample A would comply in every respect-so far  as was revealed 

by physical tests-with the  requirements for a good stone  for 
bituminous-macadam. For water-bound macadam, however, it is 
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TABLE D. 

~ Results of Tests of ~ 

Samples. 
For Bituminous- 
bound Macadam. 

Physical Propertiesl-__ 
determined by the 1 

following  Tests. 
A . 

_____-__ _. 

Crushing . . 27 
Impact (tough- 

ness) . . .) 25 
Abrasion (hard- 

ness) . . . 
Absorption . . 14 
Cementation 4 

.- 

[Minutes of 

For Water-bound 
3Iacadam. 

25 i 15 

20 ~ 10 

25 , 1.5 

15 8 

20 10 
I 

deficient in cementation  value;  for such use, therefore,  either it 
would be rejected  upon  this score, or else chippings of high cement's- 
tion  value would need to be added. 

Sample B is a fairly good, but  not high-class, stone  for  both 
methods of construction. 
. Sample C for  bituminous-bound  roads  fails in crushing-resistance, 
and would be used with  reluctance;  for  water-bound  road it fails 
under  crushing,  impact,  and  abrasion,  and  only  just complies with 
the absorption  requirement,.  This  is a very poor stone. 

Sample D for  bituminous-bound  roads  complies  entirely. For 
water-bound  roads it fails in all  but crushing-resistance, and  is a 
very  poor  road-stone for  this  method. 

Other physical qualities  and petrological  characteristics would 
also  need to  be taken  into  consideration;  and  laboratory work 
should  also  precede  tests  under service  conditions  with  various 
methods of treatment of road-stone  before  mixing it with the binder, 
e.g., to  ascertain  the effect of the application of oil to  the  stone 
before  using it for  bituminous macadam. 

Bituminous Binder.-It is suggested that  there should be laid 
down  three  or  four  standards  somewhat  upon  the  lines  indicated. 
Meanwhile the subject  should  be further pursued in  the laboratory : 
first, in  the  attempt  to  perfect  the  standards  for  tar itself and  to 
find  such  correlations in laboratory-test  results  as would enable  a 
number of tests to  be eliminated and reliance to be  placed upon 
a very few;  and, secondly, to ascertain the effects of blending tar 
with  other  substances  such as crude  petroleum,  residual, and  natural 
asphalt in various  proportions  and mixed with  various  proportions 
of cheap  inert  matter, such as  sand  and chalk.  On the  results of 
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the  laboratory  experiments,  the  standard specifications  should be 
modified from  time  to  time,  and  the effect of the  modifications 
would then be tested  under  service  conditions. 

( b )  ACCUMULATION OF DATA. 

With  regard  to  the accumulation of data  to  admit of the 
design of roads  to  meet  any  known  conditions of traffic, several 
factors  will  need  to be considered.  The  dominating  factor-one 
difficult  to  reduce  to  standard  on  account of its varying  character 
-is the traffic. The  rough  and  ready  method of enumerating 
" collars " is  long  since  out of date. Traffic-returns will  need to be 
taken  periodically  upon  test  lengths of road,  and  the  average 
thereby  ascertained.  Such  enumeration  might be taken  in  con- 
formity  with  the  requirements of Appendix I X :  each class of 
vehicle will represent  a  certain  weight,  which  might be taken, as an 
average, at  the  tare weight of the  vehicle  plus  one-half of a  full 
load ; and  these  average  weights  are  given  typically  in  the  Table. 
They  would  enable the  actual  tonnage  passing over the  road  to be 
arrived at  ; but  this may not be suficient. It will  no doubt be readily 
granted  that,  upon  macadam  surfaces,  a  10-ton  traction-engine will 
tend  to do more  damage than  ten  units of 1 ton  each;  but  here 
again  the  extent of the  relative  damage will not be constant,  as  the 
extra  damaging effect per  ton of the  heavier vehicles will decrease 
as  the  strength of the road  increases ; and,  apart  from  questions of 
weight,  all  rubber-tired vehicles, particularly  heavy  fast-travelling 
motor-vehicles,  will  have  a  more  detrimental effect upon the surface 
of a  water-bound  road  than  upon  the  surface of a  bituminous- 
bound  road. It would therefore  appear  to be  necessary,  in  order 
to  standardize traffic-effects, to  lay down  coeficients of potential 
damaging-effect.  Suggested coefficients within  certain  limits of 
road-construction  are  submitted  in  Appendix IX : whilst  essentially 
arbitrary,  on  account of lack of data  upon  the subject, they  are 
based upon the  Author's  general  experience  and  observations.  But 
to whatever extent local conditions  and local experience-using  the 
term local in  not too  parochial  a  sense-may  render  desirable the 
alteration of a  general  Table of coefficients, it is thought  that  certain 
coefficients upon  these  lines  may  with  advantage  be  used, in  the 
manner  to be described  subsequently,  and  adjusted  empirically 
from  time  to  time  as  the  result of a large  number of observations 
under  conditions  which  leave the  varying  factor,  that of the 
damaging-effect of various classes of vehicle. 

It would  be well if, in  the case of each length of road  reconstructed 
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in  the  future,  to  the  already suggested  records of the  method of 
construction  adopted, of the  qualities of the  materials used, and of 
the  traEc,  there were  added  records of all attendant circumstances, 
local, meteorological and  others:  there would then become available 
all  the  information  that  is needed to analyse  intelligently the  results 
obtained  under  service  conditions,  which is the first  step  towards 
designing  new  work  satisfactorily.  Meantime, it is desirable, in 
order  to expedite the record of correlative  information, that  there 
should be laid  down as  early  as possible special lengths of road 
constructed by various  methods, e.g., primarily  the  following  six :- 

i. Water-bound macadam  constructed  with local stone. 
ii. Water-bound macadam with  first-quality  imported  stone, 

iii. Tar concrete 3 inches  thick, composed of local stone. 
iv. Tar concrete 4 inches  thick, composed of a  local-stone founda- 

tion 3a inches  thick,  with a surface  coating of imported  stone 
3 inch  thick. 

v. Bituminous-macadam  constructed  upon a system of penetra- 
tion  by  pitch  and  sand in a thickness of 3 inches of imported  stone. 

vi. Similar  construction  to No. v, with a  thickness of 4 inches, 
24 inches of which should be  local stone  as  foundation,  and 13 inch 
of imported  stone  forming  the  surface coating. 

The  types  are  limited  to  six  for  simplicity of illustration;  it  is 
much to be desired that  the  number should be extended considerably, 
to  include  the  surface  tarring of macadamized  surfaces, the  penetra- 
tion of ordinary macadam of various  thicknesses  by  pitch in various 
quantities,  as well as some of the numerous  patented and  proprietary 
methods and materials. 

Confining attention  to  the  six  methods  mentioned above, there 
should be recorded the meteorological  conditions (during  construction 
and subsequently), the character of the subsoil, the petrological 
descriptions and physical tests of stones, the  standard of bitumen 
used, the analyses of costs of original  construction  and  subsequent 
resurfacing, and  rates of labour,  with a  record of any peculiar 
circumstances  which  influenced the cost, and  detailed  descriptions 
of the works, with  plans  and  sections  indicating  the locality, the 
gradient, camber,  thickness,  and  description of foundation.  There- 
after  there  should  be recorded  from time t o  time  the measured 
cross-sectional  wear, the  index of unevenness as revealed by the 
viagraph, the  general  condition of the surface, and  the cost of 
maintenance.  All  these  periodical  records  might be summarized in 
the form of Appendix X. 

Within  certain  limits, all the  test  lengths  should be laid down 

where the local stone is not of this  quality. 
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contiguously,  under  traffic of various  intensities, which  may  be 
expressed in  tons  per  yard  width of road  per day. These  different 
intensities  may be taken  for  macadam-road  traffic a t  20, 50, 100, 
150,  250, and 350 tons ; the first  would be light  traffic-not, 
of course,  including  the  rural by-ways-and the  last  may be 
considered  as  heavy.  The  records  previously  referred  to would 
enable  a  working-formula  to be constructed  for  designing  roads to 
meet  various  conditions. 

I n  order  to  illustrate  the feasibility of this  procedure  Appendix X 
has  been drawn  up,  partly  upon  actual  figures  obtained  in  practice 
in North  Lancashire,  and  partly  upon  figures  thought  to be fairly 
deduced therefrom; it is  submitted  as a convenient  form  in  which 
the  data  relating  to  the  ,experimental  lengths  might be recorded. 
While  intensities of traffic of 20, 150, and 350 tons  per  yard  width 
only  are  shown  in  the  Table, it is suggested that records  for the 
other  intermediate  intensities  should be obtained. 

From  the  total  average  annual costs, and  the cyclic maintenance- 
cost, in pence per  superficial yard  per  annum,  curves may  be 
plotted  for  various  descriptions of road-construction : applying  the 
costs  given in  this Appendix,  there will result  curves  as  shown in 
Fig. 21, Plate 6. I n  this  Figure  may be seen at  a  glance,  from  the 
curves  which  represent  the  total  annual  cost,  the  point, in  terms 
of traffic,  where each class of roads becomes the  most economical : 
whilst the curves  which  represent the cyclic maintenance-costs 
indicate  graphically  the  comparative costs of maintenance  under 
different  intensities of traffic after  the  capital  cost  has  been  repaid. 
From these it is possible to deduce a, formula  for  the  construction 
of a road,  when the following  data  are  supplied :- 

M denotes the cost  in pence per  square yard-to the  finished 
thickness required-of the  stone  delivered a t  
the  site. 

L ,, ,, cost  in pence per  square  yard of labour,  rolling, 
binder,  mixing if necessary,  and  all  expenses 
over and above M to leave the road complete. 

T ,, ,, traffic in tons  per  yard  width of road  per  day. 

I n  order  to  ascertain  the  most economical road, it is  necessary to 
determine  the  total  annual  cost  due  to each mode of construction, 
which will be denoted  by Q. 

Q will be a  function of the  first cost, ( M  f L), a  function of the 
traflic, (T), and  a  function of the  weather,  (W),  which may be stated 

Q = f ( M  + L) + .f('J!) + f ( W .  thus :- 
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Of these f (M + L) is a constant  for each class of road ; f (W) is 
not calculable with  the knowledge  available at present,  as  data  as  to 
weather-effects  have not been collected. 

By  plotting  curves  from  ascertained  total costs f (T,)  can  be  found, 
where T, is  the cost due to  the effects of traEc  and  weather 
combined, i.e. : 

Q =f  (M + L )  + f  (Tl) 

Analysis of the curve  then gives 

Q = a ( M + L ) + b ( T ) + c  

where a is  the  multiplier derived from  the  interest-tables  having 
regard  to  the period  over  which the  repayment of principal is 
spread  and  the  rate of interest  obtainable ; b is  the multiplier in 
pence as ascertained  from the  curve ; c is a constant in pence as 
ascertained  from the curve, and  represents  the money effect, upon 
maintenance, of the weather  alone. 

Applied to  various  intensities of traffic, say 20, 50, 100, 150 and 
350 tons, the formula  will  show  results  such as are given in Table E. 

After  the most  economical mode  of construction,  under  what may 
be termed  normal  conditions,  has been  ascertained  from the formula, 
certain  additional  factors  have  to  be considered in  the design of a 
road,  namely : - 

( a )  Recorded  conditions of road-surface  throughout the whole 
cyclic period of its life. 

( h )  Foundation  and subsoil. 
(c) Gradient. 
(a) Prevailing  weather,  general meteorological  conditions, and 

( e )  Composition of the  units of traffic making  up  the  total 
any special  local  conditions. 

weight of traffic which  has been  used in the formula. 

( a )  Cost  should  not influence  design  entirely.  Reference  should 
be made to  the records of wear  and  conditions of surface which 
obtained over the period of test.  The  general classification of 
surface  conditions  containing a large  percentage of “fair”  and 
‘ 4  bad ” roads (see Appendix X) will militate  against the adoption 
of the  method which so resulted ; similarly  will the need of frequent 
repair  and  resurfacing,  and an unsatisfactory  average  index of 
longitudinal unevenness as revealed  by the viagraph,  weigh  against 
the method which so results,  notwithstanding that such  disadvan- 
tages  have  not been  proportionately reflected in the  average  annual 
cost. 

( b )  The  formula  takes  no cognizance of foundations, but  different 
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conditions of foundation  and subsoil may  have  hail  their reflex in 
the results, and will, therefore,  as  already  pointed  out,  need  to be 
recorded. The  conditions of foundation  and subsoil in  the road in 
question will  need consideration in relation  to  those which  obtained 
in  the  test  lengths  from which the curves  were  plotted. In   the  
event of a  weak  foundation in the road  under  treatment  the selec- 
tion of the method will  be influenced  both  by the power of distri- 
bution of superimposed  weight possessed by the  crust,  and  by  the 
ease with which suitable  foundation-material  may be obtained. 

(c) The  gradients of the  various  test  lengths will  be recorded, and 
in  due course there will  be amassed  such information  as will permit 
of the isolation of the cost due  to inclines and  the  suitability of 
various  forms of construction  to  various  gradients. Of the  latter a 
good deal is known  already, and full  consideration of it in connection 
with  the  most economical  form of construction  for  level  roads  may 
necessitate the rejection of that  form in favour of a form more or 
less expensive in first cost, in order that  better foothold  may be 
given to  horses. This  will be regarded as additional expense, in 
respect of either  the  method of construction or  the  material 
selected,  which  will be rightly  incurred  for a necessmy  purpose. 

(d )  The  only  weather-conditions of which cognizance is  taken  in 
the formula are those  which  obtained during  the period of tbe 
recorded test.  Sooner or later  there  should be accumulated  such 
information  upon  this  subject  that  the  factor of damage by weather 
will be capable of isolation.  Meanwhile it is  not so, and in applying 
a formula  obtained  from  records  where  (say) 25 inches of rain  fall 
per  annum,  to a district  where 50 inches  is  the  average,  that differ- 
ence must be taken  into consideration.  Simila.rly, a badly  wind- 
swept  road  will  point to  the desirability of bituminous  treatment, 
irrespective of the formula  possibly indicating X water-bound con- 
struction  as  the  most economical ; and  predisposition  to  hoar  frost 
and dampness  due  to  overhanging  trees  are also factors for special 
consideration. 

( e )  The  factor  taken  in  the  formula  for traffic is  the  weight 
obtained by multiplying the  number of vehicles of each class by 
average  weight of vehicles of that  class, as given in Appendix IX,  
which has  already been  described (p. 205). 

It is proposed that  the scale of coefficients, in which have been 
taken  into consideration  axle-weights, speed, method of propulsion, 
and  strength of road-crust,  should be applied to  the weights 
recorded  upon  the  experimental  roads  from which the curves  were 
constructed,  by  multiplying the  total weight of each  description of 
vehicle by the coefficient appertaining  thereto ; this product  might 
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be termed  the " Potential  damaging-effect."  Then, by dividing  the 
sum of the  weights  into  the  sum of the  potential  damaging-effects, 
the average coefficient of potential  damaging-effect  would  be 
obtained.  Let  that be recorded  as for the  experimental  lengths of 
road,  and  presume it to  range from 1  2 for the  roads of class A 
(Appendix X) to 1-05 for  roads of class F ;  then if, by applying 
the Coefficients from Appendix IX to the volume of traffic upon the 
road  under  consideration,  average coefficients of 1 a32 to 1 12 were 
obtained,  as  applying  to  roads  graded  from classes A  to F, it would 
be  necessary  to  add to the  actual  weights  upon  the  road  under  con- 
sideration,  when  applying  them  to  the  formula,  certain  percentages 
-in this  assumed case, 10 per  cent.  to 5 per  cent.-representing 
the difference  between the coefficients of potential  damaging-effect of 
the  test  lengths  and  those  applying  to  the  road  under  consideration. 

I n  conclusion,  the  Author would acknowledge,  with  very great 
pleasure, the  painstaking  assistance  he has received from Mr. 
W. Hepburn  Wainwright, Assoc. M. Inst. C.E., in  the  preparation 
of the  numerous  curves  in  this  Paper. 

The  Paper is accompanied  by  twenty-two  drawings,  from  which 
Plates 5 and G have  been  prepared, and by the  following  Appendixes. 

[APPENDIXES, 
p 2  
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A P P E N D I X E S .  

APPENDIX I.-TESTS FOR IMPERVIOUSXE~~ AND DENSITY OF 
BITUMINOUS  MACADAM. 

The samples tested  for imperviousness and  density were constructed  in  the 

(l) Ordinary tar concrete composed of through-and-through  metal from 16 inch 
downwards,  topped with 4 inch (consolidated) of &inch  tarred chippings ; 
total thickness about 43 inches. 

(2)  Ordinary tar concrete composed of 2 inches  only of limestone, with  a like 
topping ; total thickness about 4f inches. 

(3) A &-inch  sub-binder of tarred chippings with  2 inches of granite  macadam 
rolled in,  and  the surface  blinded with  tarred  granite chippings and 
sealed with  distilled tar ; total thickness  about 43 inches. 

(4) As for No. 3, but  with 5[ inch  depth of sub-binder  and total thickness of 
3 inches  only. 

( 5 )  The  method of “penetration,” by grouting  with  a  mixture of pitch  and 
sand  constructed  in  two coats, to finish 4f inches. 

thickness  up  to 5 inches when the  material is  consolidated,  should be iixed  on a 
IntZ)erz.iousness.-Wrought-iron rings capable of being built  up  to give any 

timber base upon  any  hard surface, with  a  thin layer of sand intervening between 
the base and  the surface, and so arranged  that  a roller  could pass conveniently 
thereover.  The  rings  should  then  be carefully  filled with  the material which i t  
is  desired to  test,  such  material being  rolled in layers, in all  respects  as  would be 
done  under service  conditions.  The  various  samples  having  received about  the 
same  amount of rolling, that is to say, such as was necessary to ensure  practically 
thorough  consolidation,  should then be left  for  a day or two. Upon the  top 
of these  test-pieces  any convenient  cylinder-such  as a 24-inch earthenware 
pipe-should be carefully  fised,  care  being taken  that  the edge of the cement 
fillet  which  secures the cylinder on to  the  test-piece is rendered thoroughIy 
watertight.  The cylinder  should then be  filled with  water  up to a given 
head, and  a record kept of the  time  required for the water to filter through 
the material. The whole test-piece should  be  raised a  little from the ground on 
its  timber base, which base should be evenly perforated to  admit of the outflow 
of the water. This  test scarcely represenh service  conditions, but will a t  least 
give comparable results. 

More closely approsimating to service  conditions  would be the use of an 
experimental inclined plane  with  a flow of water  arranged  to  represent conditions 
during  rainfall ; but  this  test would appear to be a  somewhat  cumbersome  one 
to undertake. 

Density.-The  test-pieces of various  descriptions of bituminous macadam tested 
for  imperviousness, after being  carefully and gradually  dried at  the  temperature of 
the  atmosphere, should  be  carefully  removed from  the wrought-iron ring enclosing 
them.  The  constituent  parts should then be thoroughly  separated  where  adhering 
to one another,  in  order  that  the  water  in which they  are  immersed may, as  far as 
practicable, rholly  surround each  particle  and  exclude  air. Thus segregated, 
the  constituent  parts shogld be immersed in  any convenient vessel of water and 
their displacement  measured. The difference  between the cubic contents of the 

following ways :- 
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consolidated  bituminous  macadam and  the  total cubic contents of its  constituent 
parts,  as  determined  by  immersing  them  in  water,  represents  the space occupied 
by voids in  the consolidated  macadam. 

APPENDIX II.-SLTGGESTED TEST FOR :POWER OF DISTRIBUTION OF WEIGHT. 

Bituminoua-bound  material  constructed both aa tar concrete and by " penetra- 
tion,"  using various  grades and  quantities of bitumen  mixed  with  varying  pro- 
portiouli of sand  and  such  inert  matter as chalk or cement,  should  be  thoroughly 
consolidated  upon  planks  raised  a certain  height above the ground. after  the 
material has set for the necessary time,  these  planks ahould be removed a t  intervals, 
and  there  should be inserted  in  lieu thereof  small pieces of plank of uniform 
superficial area  aupported  upon spring-bakkncea, so that  ultimately  the whole of 
the planks will be removed and  the  slab will rest upon  (say)  nine supports, each 
of uniform  area  and  each  capable of transmitting  the weight that  it is called 
upon to bear to  the recording  spring-balances.  Then the load  should be applied 
in  the  centre of the slab, and readings  be  taken on the various balances, so that 
i t  would  be ascertained  exactly how and  to  what  extent  that load  had  been 
distributed over the whole  area. 

APPENDIX III.-TEsTs FOR TRACTIVE EFFORT. 

Tractive effort depends  upon three  factors, namely,  axle-friction,  resistance 
due  to  the  gradient,  and rolling-friction or resistance due  to  the road. It is 
better,  therefore,  to  eliminate  as  much  as possible in  any  experiments  all factors 
except the resistance due  to  the road. 

Ade-F~ie t ion  -Axle-friction  questions  may  be  eliminated  for all practical 
purposes  by  using the same vehicles and  lubricating  the bearings and  journals  to 
the same degree. 

R e s i s t ~ m c e  d,ue to Grudient.-This factor may be eliminated  either  by choosing 
level  roads or calculating the required  effort  due to  the gradient  alone. 

RoUin~-Rcui.stullce.-This, the  important  factor  for  the  present purposes, 
depends  upon the yielding of the road under  pressure of the wheel, and  is 
measured  by the pull required at  the  axle  to  roll  the wheel up inclined  surfaces 
or to  surmount some obstacle. It will depend  upon  certain  conditions,  namely, 
diameter of wheel, width of tire, speed,  presence or absence of springs,  conditions 
of road-surface.  All of these conditions-except  speed, in respect of which 
there  is a little difficulty in obtaining  uniformity-may  be  eliminated  by  using 
the same  vehicle  over  different  forms of road-surface. 

The dynamometer  used  by the  Author consisted of two  flat  springs 18 inches 
in  length, bow-shaped,  fastened at   the ends,  and so arranged that  the  pull of 
the horse was transmitted  through  the springs, the bow being flattened  during 
the period of pull.  The degree of flattening,  forming the measure of the  tractive 
effort, was indicated  by a graduated  dial t,o which i t  was transmitted  from  the 
centre of one of the springs,  while attached  to  the  other  spring was an  indes- 
arm pivoted at  the  centre of the aforesaid  dial. 

The  tractive  effort was recorded  automatically  upon  a  ruled  chart,  by  a  pencil 
fixed t u  one  end of the index-arm. The  chart was wound  from  one  roller to 
another by  a  small  pulley-wheel, actuated by the motion of the vehicle  itself by 
means of a  small  belt  from  the  hub of the wheel. The index-arms  were so 
amnged  that   the pull could  be read while the vehicle  wm in motion, and  the 
maximum  pull was also  recorded. Vhen  the  test W= completed, the automatic 
record was removed, and  the average  reading^ were taken. 
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Another  method of determining  the  tractive effort appears to lie in  the use of 
the “ Accelerometer.” 1 This  instrument meaaures the negative  acceleration of 
a vehicle when  coasting. It consists of a lopsided  disk,  mounted on a vertical 
axis, and controlled in  its  rotation by a coiled spring.  Any  acceleration  causes 
the heavier  side of the disk t o  lag  behind,  and this lag is the measure of 
the acceleration. 

The  dynamometer  and recorder  used in  the experiments  carried out by the Roads 
Committee of the  Netherlands, as  described at  the Bruseels R& Congress, 1910, 
by Messrs. L. C. Steffellar and J. H. Janson, President  and  Secretary of the 
Committee,  should also be  mentioned. This  apparatus,  through which the  pull 
on a  drawn vehicle is transmitted, consists of a hydraulic  plunger and cylinder 
attached  to  the draw-bar. The pressure, due  to  the pull,  which  is set  up  in  the 
cylinder, acts on a  Bourdon  pressure-gauge, and on a recording apparatus  acting on 
the same  principle, and  thus  the road-resistance c811 be read off a t  any point, 
and  is also  automatically  recorded. 

The road-resistance  could  also be determined  by  means of an electrically- 
driven vehicle,  specially fitted  with  instruments  and  apparatus so that any 
required speed  could be  attained  and maintained. The frictional and  other 
resistance8  could be  determined  and  plotted on curves,  and so arranged that 
the only  unknown  variable would be the road-resistance  which i t  is  desired 
to measure. 

APPENDIX  IV.-PHYSICAL TESTS OF ROAD-STONE, ASD THEIR OBJECTS. 

SpeciJic Gmvity.-This method of determination should follow the usual 
laboratory  practice. Specific gravity will be found to be a convenient  basis  for 
comparison, and is obviously a  propetty  that should be known. 

Compression.-The usual  laboratory method of having the cubes  mwn  from 
carefully  selected  specimens to  represent average quality  should be followed ; or, 
perhaps,  mwn ends of bored  rock cylinders may be  preferable. In  any case, with 
standardization of temperature  and  dryness,  the usual hydraulic compression-test 
should  be  made  upon such  a  number of blocks as  will give a  fair average. The 
object of this  teat is the  determination of that  quality  which is required t o  resist 
the crushing-effect of heavy wheels, such  as  those of traction-engines. 

Tension.-This may  be  carried out similarly to  the tensile testing of cement, 
and is  gaining  favour as  a test-at least  in  the case of building-stone-as i t  can 
be  applied with less  expensive  machinery than is required for compression-tests, 
and leaves a clear and  sharp  fracture which is  convenient for microscopic 
examination. 

Attrition.-The test  about  to  he described  has beenregarded as an  “attrition ” 
test,  but  it  actually records the  result of a combination of forces such as impact, 
and  friction of the stones  amongst  themselves, as well as friction  and wear due 
to the collision of road-stones  with  metal or other objects. The original of the 
machine used-which is known as the  “Rattler ”-was invented by a  French 
engineer  named  Deval in 1676, and consisted of cylinders  mounted eccen- 
trically on a  shaft, each cylinder being  provided with  a  tight-fitting door. For 
purposes of testing,  a  known weight of reasonably  standard-sized  road-stones was 
placed in each  cylinder, the door was clamped on,  and  the cylinders  were rotated 
a  certain  number of times ; the stone was then removed and  the abrasion 

“The Accelerometer in  the Measurement of Road-Weaitance.” Paper  read 
at   the  British Association Meeting, 1910. 
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was ascertained  by  weighing the  dust  and small particles removed during  the 
operation. 

Somewhat  similar  machines  have been  used by the  Department of Agriculture, 
U.S.A. The only one in  this country-so far  as  the  Author  is aware-is that  of 
the Borough of Hornsey,  which  consists of three cast-iron  cylinders  which are 
fitted  internally  with  angle-iron  ribs  set pzrallel to  the axis of rotation, which is 
normal to  the  shaft upon which they  rotate. 

The  tests  made  with  this machine for many  years in  France have  been found 
to give results which  have  been confirmed in practice, and  it may therefore  be 
accepted that,  at  least  for mater-bound  macadam, it has  a  distinct use ; that  use 
will, however, be reduced  considerably with  the  adoption of bituminous-bound 
macadam,  which certainly will not leave a loose road in  any way approximating 
to  the conditions  reproduced in  the “ Rattler.” 

Abmsion.-This test represents  such a11 effect as  is produced  by  foot-wear 
upon stone  steps  and pavements. It is a  grinding and wearing effect without  any 
impact or other  violently  disturbing  element.  The  test  is made  with  small cores 
or cylinders of known  weight,, as described for  the “ Compression ” tests ; these 
are pressed  by  a constant weight, on to, a  revolving steel disk,  which is  fed 
uniformly  with  standard  sand.  Four, or perhaps  more, test-pieces could  be 
tested  at one time,  the  test-pieces being: kept a  reasonable distance  from one 
another. For this purpose  a  large  disk is desirable,  and i t  has the  additional 
advantage of grinding  evenly the whole surface of the cylinder. After a  given 
number of revolutions the samples are removed and reweighed, and  the difference 
between that weight and  the original is recorded as  the loss due  to  this  form 
of abrasion. 

This test would appear to represent  reasonably well the grinding or wearing 
effect of wheels, particularly when the stone is held  firmly, as  in  the bituminous- 
macadam  method ; i t  is  important  that  an even and  constant  supply of the 
abrading  sand  should  be  fed  to  all  the samples tested. 

Znqmct.-This, which is  sometimes  termed a ‘ l  toughness ” test,  is  best carried 
out with rock cylinders  as described for  the “ compression ” test.  The cylinders 
are subjected to  blows resulting  from  the dcopping of a  ball or plunger, as  in 
the ordinary  pile-driver, so arranged that  the ball or plunger is caught  by  a 
device  upon its  rebound.  Gradually the  height  from which the ball is dropped is 
increased, until  the  test-piece fails. The  number of blows requisite  to produce 
rupture will be  a  measure of the toughness of the  stone. 

This will  give comparative results, but 1;he disregard of the accumulated  effect 
of the blows antecedent  to  the  failure  is a defect  in  this  test. Nevertheless, i t  
seems obvious that  the  stone which behaved best  under  this  test would probably 
do so under  such blows as those from a  horse’s hoofs. 

Absorption.-The stone  should  first  be weighed dry,  then soaked in  water  and 
taken out   a t  intervals,  the  water removed  from the surface, and  the  stone weighed 
until  there ceases to be  any difference in  the weighings ; then  the absorption will 
have ceased, and  the difference between the  last weight and  the original  weight 
will  give the  relative absorptiveness of the  stone. 

Absorption affects directly  the  question of damage  by frost ; i t  is important  to 
note  the possibility in  the bituminous-bound  form of construction of using stone6 
--oiled or otherwise-which  would be impossible in  the water-bound  method  on 
account of the rapid  destruction of wet  stones,  by attrition,  etc. 

I”reezing.-Tllis test would be  best  carried out with  cubes or cylinders, as 
specified for the compression-test ; and  in  order to determine  whether or not  any 
incipient  ill effect had developed during  the  alternate processes of freezing and 
thawing,  which was not readily  discernible, i t  would be better  that  the specimens 
should  subsequently be submitted  to  the  master  test of compression. 
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Cel/LentatiorL.-Screenings of stone  should  be  ground  in  a  ball mill, mixed  with 
a certain  quantity of water,  moulded  under a  uniform  and  constant pressure, 
and  re-dried.  The  briquettes EO made  should be submitted  to  standard 
blows of a  hammer. A measure of the cementative  quality  is given by the 
number of blows required to cause rupture of the  briquettes.  This  test  is 
described  more fully in the Report of Mr. I€. F. Fielding, Chief of the  Dirision of 
Highway8 of Xaryland  State, U.S.A., 1899. Whilst of eminent  utility for 
water-hound  roads, i t  is at  least of very  much  less utility  for  bituminous-bund 
macadam. 

~%pperi?~esu.-It  does not seem possible a t  present to lay  down any  standard 
test or coefficient for slipperiness, but it should  certainly be the  subject of 
observation upon the samples of stone,  after  subjection to the  attrition- ancl 
d~rasion-tests. 

Tm3ile Strcngtli of B&pcttc Composed of Bitun~o~ u d  Detrit,us fvonr the 
" Ihttler " I'Est.--This might  be made by mixing  known quantities of the  detritus 
with known quantities of a standard  bitumcu ; the  mixture  thus prepared 
should be uniformly  compressed into  the moulds and  kept at   an even  temperature. 
l h e  quality of the  mixture could  be  measured either by an ordinary  tensile  test, 
as for cement  briquettes, or by  compression, or by the method  adopted for 
ordinary  cementation as described. 

I n  practice i t  is found-with the use of B limestone or a  slag which has  a  high 
percentage of lime in  the bituminous-bound  form of construction-that there  is 
comparatively little  dust;  there  is very  even wear, and  the slag and limestone 
seem to have an affinity for  tar.  This has been said to be  accounted for by 
" absorption " of the  tar by the stone, but   i t  is very doubtful if this  be  the case, 
ad, although  certain  light oils may penetrate a  porous stone, i t  does not seem 
possible to cause the  pitch to penetrate. It has  been obvious,  however, that  
there  is  an easy admixture of abraded  limestone  wish  bitumen, which  rolls back 
into  the road,  sealing the surface-very much in  the form of natural  limestone 
asphalturn-whereas with  the use of granite or a  highly  siliceous stone  there  is 
not  such a  tendency for the abraded  particles of the  stone  to mix  with the  tar. 

Bitumen-hoLding and Absorptive Capacity of Sto'tol~e.-l'his will be  dependent 
to some extent upon the porosity of the  stone,  but chiefly upon the condition 
of fracture. It is suggested that a number of pieces of the stone to  be tested  be 
taken, as nearly as possible of uniform size and shape. It being  desirable to have 
the  natural  fracture,  and  not sawed or tooled surfaces, i t  will not be practicable 
to obtain  exactitude  in size and shape ; hence there will not be a  constant  ratio 
lletween the cubic contents  and the surface  exposed to  matris, so that  the  results 
must be regarded  as  approximate only. The  stones, having heen weighed,  should 
he  immersed in bitumen  raised to it given temperature, allowed to remain thereiu 
a  predetermined  time, then withdrawn, cooled, and weighed again, the difference 
in  weight being noted. For comparable results, i t  is obviously  necessary that, 
among  other  things, the  temperature of the stones  should  be the same. 

The  object  and  desirability of this  test may be illustrated by certain  tests 
carried out by the  author,  the  results of which are  indicated  in  the  form of 
curves  in Fig. 22, Plate 6. From  these i t  will  be observed that, provided the 
stone  is  hot,  the  tenacity of tar  to  the stone  appears to  be independent of the 
nature of the stone ; to  this  there  is  the  esception of the honeycomb slag, which 
will naturally  tend  to  take tar into  the  interstices.  There  is some little differ- 
ence w i t h  the cold stone ; and in all cases of cold stone,  there  is considerable rise 
in  tenacity  with increase in  the specific gravity of the matrix. 

Generally  speaking,  these  curves  seem to point to  the advisability of a  stone 
with a rough  fracture  and  the application of the tar to  the  stone when the  latter 
is reasonably cool. 

r 1  
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Heat-Capacity U M ~  Tendency to Radiation.-This test would appear  to  fall 
within  the scope of the petrographer.  Bituminous macadam ia at  a  disadvantage 
compared  with  water-bound,  on  account of its predisposition to  the effect of hoar 
frost.  This may possibly be minimized by selection of stone  with  the  least 
tendency to heat-radiation.  The  effect of oiling before bituminous  treatment  in 
this  connection would be of interest. 

Shapr ami Sizes of Stone.-The specification that  the  stone shall be of cubical 
form  and  uniform size-to all  appearances  justifiable  for  water-bound macadam- 
may not  be so essential to  the  bituminous  form of construction.  Fixing or 
limiting  the  percentage of metal which shall pass through  a revolving screen with 
longitudinal  continuous  slits of certain sizes may provide a  practical  standard of 
shape.  StandardJ of size and  shape can perhaps  only he satisfactorily  arrived 
a t  as  the  results of experiments  under service conditions  and traffic of different 
intensities. 

APPENDIX. \'.-DESCRIPTIOB OF LABOBATOKY TESTS FOR TAR. 

DistGlatio?a.-A  good bohemian-glass flask and  air-condenser  are  required,  the 
flask having capacity of 675 c.c., and being fitted  with  a  nitrogen-filled ther- 
mometer.  Taking 300 C.C. (at 1 5 O  C.) of tar  in  the flask, distillation is com- 
menced, the flask being protected  from  draughts,  and  the  distillation  being 
regulated so as to obtain  as  uniform  a  rate of discharge of the  distillate  as 
possible. The process should be continuous, the  temperature  not  being  held a t  
any  particular  point or allowed to fall,  and  the  distillates  should be cooled and 
measured, the percentages being expressed by volume. 

VoZatiZizution.-The samples to be tested  should be placed in  layers of a 
predetermined  thickness (g inch ia suitable)  in open disher, and exposed to a 
temperature of 60° F. for 1 week. The  dishes  should be weighed before and 
after  the addition of the  tar,  and again after  the 1 week's exposure ; the loss 
due  to  wlatilization  thus  found would be expressed as  a  percentage by weight. 

The  sample,  having  already  undergone  exposure  to  atmospheric influence for 
1 week, should  then  be exposed to a  temperature of 110" P. for 1 week, the loss 
by volatilization at  this  temperature being recorded  in the same  terms. 

Road-bitumens  are  sometimes  tested  for  volatilization.in ovens a t  160° C. and 
higher ; but  it  is  thought  better  to  restrict  temperatures  to  those reasonably 
approximating  actual  service  conditions. 

Penetration or I'iscosity.-The former 1,erm is  preferred,  as  indicating  more 
correctly the  quality  desired  to be determined.  For oils and some bitumens  an 
Engler or other viscosimeter is sometimes  used, but   i t  is  not  suitable  for  tars, 
which invariably  contain appreciable quantities of free  carbon, the suspended 
particles of which clog the orifice. 

The  tests  carried out by the  Author, which are  referred to in the specifications, 
were conducted  in the following very  simple  manner :- 

The  matrix  to  be  tested was put  into small  tins  about 22 inches  in  diameter and 
15 inch in depth ; these  in  turn  were placed in a large tin containing  water  heated 
by a  Bunsen flame so manipulated &S to  keep the  water a t  a  constant  temperature, 
the water  evaporated  being  replenished by other  water a t  a like temperature. 

With  the  water  maintained for a period a t  60°, new copper halfpenny coins 
were taken  and  carefully placed flat on the surface of the  bilumen  and allowed to  
sink, the viscosity or resistance  to  penetration  being measured by the  time  taken 
for  the  disk  to be entirely covered by the  bitumen.  This  experiment was 
repeated at 7S0,  90°, llOo and 120° F. It is important  that  the disk  should  be 
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laid  carefully  and  evenly  upon  the  surface : but even then  this  test is thought to  
be  not  free  from  objection,  inasmuch  as  the  disk will not  descend  into  the  tar a t  
a  uniform race on account of the  frictional  resistance  to  the edges ; and  further, 
a  greater  depth of penetration  is  needed  before  a  heavier  tar will fall over the 
edges and submerge  the coin than will be the case with  a  lighter  tar. 

It would probably  be  bettar  to have a  penetration-machine so arranged that a 
plunger (say) inch  in  diameter  could  be  used  upon  the same principle  as the 
needle  penetration machines ; by this  methqd,  taking a standard weight and  a 
standard  depth of penetration,  the  quantity  to  be  determined would be  the  time 
taken to  effect that  penetration. 

Determinution of Free  Curbon.-Take 10 grammes of the sample of tar  and 
extract successivcly with  hot  benzine, alcohol, and carbon bisulphide,  until  the 
extracted  liquid  is  no longer discoloured ; dry  the residue at  loo3 C. and weigh. 
This  method,  howerer,  has  the  disadvantage of being  somewhat  lengthy. A 
simpler  method which gives practically  equally good results  is  the following :- 
10.15 grammes  are  heated in a flask for 15 minutes  on  the  water-bath  with 
100 C.C. of 90 per  cent. benzol. The  contents  are  then  filtered,  and  the  free 
carbon is washed with benzol until  the washings cease to be discoloured. 

Cohesion and AdlLesion.-For this  test a machine for  determining  the  teusile 
strength of cement  briquettes  may  be  utilized. 

The  Author used a special mould  producing  half-briquettes  with a cross-sectional 
area of 4 square inches. These  briquettes were made  with  cement  and  plaster of 
Paris. It is thought, however, that  half-briquettes or moulds of iron or steel, 
with  a  similar  cross-sectional  area  and  of  standard shape-with surfaces  either 
flat or of standard  tiread-would probably give more even results  and  eliminate 
the possibility of variation of cement  and  plaster of Paris  briquettes. However, 
such  briquettes  as  may be used should be taken a t  a  certain  temperature.  (The 
Author used his a t  6 t 0  for the cold test,  but perhaps 60° may be found  more 
suitable.)  Then,  the  rnatrix to  be  tested  having been heated t,o a  predetermined 
temperature of (say) 250° F., the  briquettes  should  be  dipped  into  the  heated 
bitumen,  the  surface being rubbed  and firmly pressed together by hand-pressure, or 
preferably by some specific weight,  and  then placed in  a  vertical position to cool. 
After  standing  for 1 week a t  a  uniform  temperature of about 60° F., the  jointed 
briquettes  should be broken in  the tensile  testing-machine, as ordinary  cement 
briquettes would be broken. It would be preferable t o  take  the average of about 
six  tests for each sample. Then,  after  breaking,  the  samples  should  be  reunited 
under  the  like  pressure,  left  in  a  vertical position for  another week, and again 
tested  in  similar  manner. 

This test applied  as  a  direct  pull,  might,  with  advantage,  be  supplemented by 
one  for  adhesion  applied as a  shear, by pulling the  briquettes  apart by forces 
acting  parallel inst,ead of normal  to  the  bituminous  faces. 

Determinution of iVaphthulene.-The naphthalene  should  be  determined on 
the fraction  distilling below 280' C., by dissolving in glacial acctic acid and 
shaking  with  a  saturated  solution of picric acid. The  precipitated  naphthalene 
picrate  should  be  filtered  and washed, and  the picric acid rolumetrically 
determined  after  expulsion of the  naphthalene  by boiling with  water. 

Determination of F'ized Curbon.-l gramme of the  tar should be placed in  a 
platinum  crucible  about 1 inch  in  diameter  and l& inch  high,  fitted  with  a  tight 
lid,  and  heated f u r  5 minutes  in  a flame about 11 inches long, the bottom of the 
crucible being la inch  from  the  top of the  burner,  and  supported by means of n 
wire triangle.  The  amount of residue  remaining in  the crucible is taken  as  the 
fixed carbon.  This  is the  standard  for coal and coke. 
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APPENDIX VI.-SLJQQESTED SPECIFICATIONS FOR TAL 
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l Moderate ~ Heavy Soft 
Tar. l Tar. ~ Pitch. 

~ . ___--'--l- 
The tar shall  be  obtained  from gasworks or coke- ' 

ovens : when  obtained  from gasworks, it shall  be 
that derived  from  bituminous coal, but  an  ad- 
mixture of 10 to 15 per  cent. of that  derived 
from the carbonization of oil shall  be  permitted. 

The specific gravity a t  15" C., as determined  by  a 
tar specific-gravity bottle, shall be- l 

l 

Approximately . . . . . . . . . .  1.195 1.220 
1.205 1.230 
1.185 i 1.210 i 

~ 

Not exceeding . . . . . . . . . .  
And  not less than . . . . . . . .  

On distillation  (the  bulb of the thermometer to be 
placed in  the vapour a t  a  point  where it  enters  the 
side tube of the distillation-flask) its percentages 
of yield of distillate  shall be limited thus :- 

Below 210° C. . . . . . . . . .  
,, 280" C. not more than . . . . .  

It shall  not  contain a larger percentage of naphtha- 
,, 350' C. ,, ,, ,, 

It shall  not exceed in  free carbon  upon basis of 
lenethan.  

ITpon ignition i t  shall not show in inorganic re- 
percentage in weight 

It shall  not lose by  volatilizatiou, exposed for one 
sidual a larger percentage than. 

week a t  60" F., in a  thickness of Q inch, a  larger 

With  the  residue  from  the  last  test exposed for a 
percentage  by weigtt  than 

second  week a t  llOo F., i t  shall  not lose  by per- 

The  resistance  to  penetration  shall be such that, 
centage of its weight  more  than 

tested  as described  in  Appendix V, the disk  shall 
not be covered in less time  than :- 

At 60" F. . . . . . . . . . . .  

. . . . .  
. . . . . . . . . . .  

. . . . . . . .  
. . . . .  

. . . . . . .  

. . . . .  

. . . . . . . . . .  
The cohesive strength upon the 4-inch ends of the 

briquettes  (at 5 5 O  F.) tested  as described in 
Appendix V, shall be initially not.  less  t,han 

.4nd upon  re-adhesion the resistance to tension , 
shall  not be  leas than  that  amount. 

On  vigorous agitation  for a quarter of an hour  with 
twenty  times  its volume of water a t  21" C. the 
tar shall  not  impart  to  the  water more than 

Der gallon of water. 
5 grains of phenoloid bodies reckoned as phenol 1 

,, 1 1 O O F . .  

10 
35 

.. 
7 

25 

2 1.5 

8 1 3 . 5  
l 

10 secs. (54mins. 

2 ,, i l 0  secs. 

45 lbs. 1 7 5  h .  

T6e tay shall be free  from  water  upon delivery. ~ 

1.278 
1-290 
1.266 

.. 
3 

18 

5 

18 

0.5 

1 

2 

Penetra- 

& inch 
tion nil. 

n 5 mins. 

230 lbs. 

As an additional  and  ready  test  for  the  soft  pitch  the following may  be added :- 
After  heating up  to 250° F., and cooling in  water a t  go", the  pitch should 

stretch  at  least 3 feet before  breaking, and  the  threads so formed  should  pull out 
very finely. When  doubled  into a length of about 1 foot i t  should bear hitting 
hard  on  an iron or stone  surface  without showing  signs of cracking. 
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A brief explanation of the reasons  for  these specifications, as  they  appear  to  the 
Author,  may  be  permitted. 

A t   f i s t   i t  was thought necessary to specify exclusively tar derived from 
bituminuous coal, but  in many gasworka i t  is difficult to  separate  those  small 
quantities of carburetted  water-gas  tar which are  produced  and usually run  into 
the same well. So long  as  this  tar complies with  the specification in  other 
respects, i t  is  not  thought necessary to  exclude the use of the  tar 011 account of 
the percentage of oil-tar  contained. 

The specific gravity  controls  the  consistency,  and i t  is thought reasoxable 
latitude  has been allowed ; but  it  should be explained that  the basis of these 
specifications was principally tar produced  in the  north of England. For tars 
produced in  the  south generally  and  in  London  particularly  the specific gravity 
and  fractionation  percentages will need  adjustment. 

The  limitation of the  result of distillation  ensures  the exclusion of the phenol8 
and  other acids, as well as of the water and  light oils, and  in  most cases it would 
ensure  that  the  distillation  had been carried to  the  point  at which most of the 
naphthalene would have been removed. The  next  clause, however, is suggested 
in  order  that  the  naphthalene,  with  its  high  vapour-tension  and  general phqsical 
characteristics  undesirable  for good paving, shall  be specifically and  not  merely 
inferentially  limited. 

I n  tar from the same works the  free carbon will in practice be fairly well 
determined by the  penetration-test. It is thought that the figure stated  is a 
reasonable one, but  it  is  at  present somewhat  arbitrary. 

The  test of ignition  for  inorganic  residue  prevents  adulteration  with  any  inert 
mineral  matter. 

The necexsity for the  tests for volatilization and  penetration  is  thought  to  be 
self-evident. 

The  necessity  for  the  test  for cohesion and  re-adhesion  has  already been 
described. The figures given are  deduced  from  the  results of experiments  with 
tar  and  pitch which  had  been  known  to give good results  in practice. 

The  test of solution in water  for the elimination of phenols  should  not be 
necessary if the distillation  tests  are complied with ; if, however, the  tar is such 
that percentages of distillate below 210° C. must be allowed, this  test  should he 
specifically applied. 

The specification of freedom  from  water  ensures  a refined tar,  and obviates 
trouble  due to frothing of the  tar when it  is being heated. 

APPENDIS VII.-wEAIL ASD COXDIPIOX O F  ROAD-SURFACES. 

Suggested l’& for t he  &feet of W~heel-Travel.-h suggestion for testing  the 
erect of wheel-travel  upon roadways by  a  vertically revolving experimental  strip 
of roadway laid in  a  channel-iron wheel having been made by Colonel Crompton, 
C.B., M. Inst. C.E.,  and discussed by the Advisory Engineering  Committee of 
the Road Board, means of accomplishing the desired end  are now being developed 
by Dr. Glaaebrook, Director of the National  Physical  Laboratory. It is at  present 
proposed to  construct  a  fised  annular  strip of roadway 3 or 4 feet wide and 100 feet 
in circumference, which citn be  constructed of various  materials  and  depths,  as 
regards  both  foundation  and  surface, so as  fairly  to  represent  service conditions. 
Upon this it is  intended  there  should  be  run wheels of various  diameters,  with 
steel  and  rubber  tires, variously weighted, operat,ing both  by propulsion and 
otherwiae,  and  arranged so as to have a certain  amount of lateral play, and  thus 
prevent or a t  least  reduce the  tendency to  the formation of ruts. 

Nethod of Measuriwg Wear of Mucudam-The  use of the  dumpy level for 
this purpose  is  cumbersome,  and  is scarcely accurate  enough  to  determine  the 
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war ,  over short periods, of certain classes of macadam which wear slowly. It 
\Fould be better to sink stone or other blocks into  the roadside and  set  them 
level, in  a position  removed from  the traffic.  Upon these blocks  could be 
erected small tripods of standard  height  with a pulley-wheel at  the top,  over 
which could pass a pianoforte  wire  carrying a standard weight  suspended at  each 
end ; with  the wire thus reduced to practicallya  standard catenary,  measurements 
could be taken from it  to  the surface of the road. A wire,  however, is perhaps 
not very  convenient for  taking  accurate measurements, and  it would  be  better  to 
have a rigid straight-edge, preferably  one  which  will  span the  entire  width of the 
road. It may be  necessary t o  truss the  straight-edge ; but, where it is not 
practicable to span the  entire width of the road, i t  w-ill  be necessary to insert a 
block in  the crown of the road. Upon  such blocks-laid a t  a dead level-the 
standard tripods  could  be  arranged for  the reception of the  straight-edge,  from 
which accurate  measurements  could be taken  to  the road surface ; and, if neces- 
sary,  greater accuracy of measurement  could be obtained  by the application of the 
micrometer to  the measuring stare. 

Method of Recording the Condition of the Swface.-It is suggested that  the 
conditions of the surface of the road  should be determined  and recorded in 
two  ways: first, by the eye,  which  would  enable  an  observer to  state  the 
relative  condition of the surface under  four such  headings as A, excellent ; 
B, good ; C, fair ; D, bad. Each  time  the wear was measured, or the  indes 
of unevenness  ascertained, the condition of the surface, judged by this 
personal method of observation, w-ould be recorded by noting  the  appropriate 
letter. This method, however, should be supplemented by B mechanically 
accurate  and comparable  record,  which  could  be  made by the  instrument called 
the “Viagraph”-described in  the  British Association Report, 1900, and  in 
the Proceedings of the  Institution of Mechanical Engineers, 1900. It is in 
principle a straight-edge applied  continuously to the road-surface  along  which it 
is to be  drawn, and has an  apparatus for recording  on  paper a profile or longi- 
tudinal section of the road-surface, and, at   the same  time,  indicating  numeri- 
cally the degree of unevenness of the surface traversed.  The viagraph  will 
record a  certain  number of feet per  mile  (or metres  per kilometre) aa an  index of 
unevenness.  When this index  is  used for purposes of comparison, it is, of course, 
necessary that  the same  length of surface  be taken  in each case. G o d  wood- 
paving will indicate about 7 to 10 feet  per mile as the degree of unevenness ; a 
good macadam road  will indicate 20 feet per mile ; and  a bad one anything  up to  
120 feet. 

Authority.  Maintenance , Total. 
Ordinary 
Charges. 1 

London  (Corporation) 
Metropolitan  Boroughs 
County  Councils . . 
County  Boroughs . . 
Boroughs . . . . 
U. D. Councils . . 
R. D. Councils . . 

. 48 

. ~ 2,113 

9,136 

. ’ 13,883 

. ~ 101,653 

. I 17,536 

: i 6,086 

S 
320,641 
306,196 

10,367 
1,619,218 

320,336 
334,792 

28,442 

S 

1,412,594 
140,826 

2,120,716 
1,349,446 

1,044,381 
1,759,737 
2,704,936 

E 

1,718,790 
461,467 

1,359,813 

1,364,717 
2,094,529 
2,733,378 

3,739,934 

Totals . . . 1 150,455 1 2,939,992 I 10,532,636 I 13,472,628 
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APPENDIX X.-PERIODICAL 

6 I 2 

1st Year. 

Classification  and  Description of Road with 
Uethod and Materials o f  Construction. 

1' 
Water-Bound Macadam 4 inches  thick 

(consolidated) of local stone  (hard  blue 
Carboniferous Limestone) . . . . 

.- 

350 
Water-Bound Macadam 4 inches  thick 

(consolidated) of first  quality.  Im- 
ported  stone.  (Welsh Diabase.) . . - _ _ _ ~ _ - _ _  

Tar  Concrete S inches  thick (consoli- 
dated) (local stone as for A )  of sizes 
from 2 inches downwards, and  with  tar 
to  Standard Specification No. . . . 

~ -- I-- . I- 

- 1 -  
Tar Concrete 4 inches  thick (consolidated) 

comprised of 32-inch  thick  limestone as 
for C. Sub-crust  mixed  with tar  to 20 
Stand.  Spec. No. and  with wearing 

Welsh Diabase chippings  and tar to 
crust  2-inch  thick (consolidated), of 

Stand. Spec. KO. . . . . . . : 
Bituminous itlacadam by Penetration of 

Pitch  (Stand. Spec. No. ) and a n d  in 20 
equalproportions  through3inches  thick 1 

36 1 1::; (consolidated)  2-inch  Welsh Diabase . 
Bituminous Macadam by  Penetmtion of 

in  equal proportions. Bottom  coat of 
42 ~ 16 IIln Pitch  (&and. Spec. No. ) and  sand 20 

local limestone 26 inches  thick (consoli- 
dated)  and  nearing  crust 16 inch  thick ,350 
(consolidated)  Welsh Diabase . . . 

-~~~~ 

yard  delivered to  the  site,  and (6) the  cost of spreading,  rolling,  mixing  and  all  other 
Column 3.-This cost  for the original  construction  should  be  subdivided  separately 

Columns 6-8.-The letters  indicating  the  general  condition of surface  have the 

of general charges. 
When  resurfacing  is necessary i t  is  indicated a t   tha t  particular  year by the  letter " R." 

Column 9.-The average annual  cost of cyclic maintenance  is  taken  for a period 

comparative  purposes  and  not necessarily to be compatible  with the principles of good 
Column  10.-Interest  is  taken a t  4 per cent.,  and  the period over which the 

under  test of the  greatest  intensity of traffic. In  the case under  consideration 
lived form of constzsuction is Class F (penetration by pitch  and  sand 4 inches  thick), 
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ROAD-RECORDS. 

‘ I  

- I -  

-. 
i 

d. In. 
0.4 0.5 60 C 
3.2 R 40 B 
8.0 R .. C 
0 - 3  0.3 40 B 

LS.5 1.0 70 C 
1.0 1.0 100 D 

-_ ~ -_ __ 

0‘250.15  12 A 
1.8 0.5 25 I B 
2.7 R 12 A 
--I--- 

0.250.1 12 A 
1’4  0.2 S8 B 
2.4  0.6 24 B 

0.2 0.05 12 A 
0’250.1  12 A 
0’3 0.35 15 A I -- __ __ __ 

0.2 0‘05 S2 A 

0,150.2 S5 A 
0’2 0.08 12 A 

9 

1.66 
d. 

4.06 
8.0 

4.2 

11 

3.8 
4.9  
6 . 6  

4.3 
4.9 
6.0 

in  detail so that there may be  ascertained (a) the cost 01 the aggregate  per  super. 
costs  necessary to leave the road in a finished  condition. 
following  significations : A “excellent,” B “good,” C ‘ L  fair,”  and D “had.” 
The cost per super. yard  for maintenance  and  repair  includes the  due proportion 

repayment of capital  cost of all forms of construction  should be spread-for 
from  one entire resurfacing to  the  next. 

finance-is taken as the  life of the longest-lived form of macadam  construction 
the heaviest traffic is  assumed  as 350 tons  per yard width  per  day:  the longest 
the assumed  life prior to resurfacing under  these conditions  being 13 years. 
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